
DISCLAIMER 
 
Electronic Deliverables 
 
The electronic data file(s) (“Data Files”) contained herein is/are provided by Camp 
Dresser & McKee Inc. (“CDM”) expressly subject to the following terms and conditions: 
 
1. The information contained on the electronic media is considered a characterization 

of CDM’s original work and accurately reflects such work at the time this 
electronic media was delivered by CDM to the person or entity acquiring Data 
Files directly from CDM (“Receiver”).  Receiver agrees that Data Files shall not be 
used on other projects nor transferred to any other party except by written 
agreement with CDM.  Use of such Data Files is at the user’s sole risk and without 
liability or legal exposure to CDM. 

 
2. CDM shall not be liable for claims, liabilities or losses arising out of or connected 

with (1) modification or misuse by Receiver or anyone authorized by Receiver of 
Data Files; or (2) decline in accuracy or readability of Data Files; or (3) any use by 
Receiver, or anyone authorized by Receiver, of Data Files for additions to this 
project, excepting only such as is authorized in writing by CDM.  Receiver agrees 
to defend and indemnify CDM from and against any and all claims, demands, 
causes of action, damages and liability resulting from modification, use or misuses 
of Data Files. 

 
3. CDM transfers these Data Files as is.  CDM makes no expressed or implied 

warranty, including, but not limited to, merchantability, fitness or suitability of 
Data Files for any particular purpose whatsoever.  CDM makes no expressed or 
implied warranty as to the accuracy of data in the files for any purpose 
whatsoever. 

 
4. It shall be Receiver’s responsibility to determine the compatibility of Data Files 

with the Receiver’s computer software and hardware.  Use of Data Files constitutes 
the agreement of the Receiver (or any other user) to these terms and conditions. 

 
5. CDM’s total liability to Receiver or anyone authorized by Receiver or Data Files for 

any and all injuries, claims, losses, expenses or damages whatsoever from any 
cause or causes, including, but not limited to, CDM’s negligence, strict liability or 
breach of contract or breach of warranty, shall not exceed the total amount of 
$1,000. 
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Technical Memorandum 
 
MRC WTP Water Quality Studies and Evaluations Project 
Regulatory Requirements Review 
March 18, 2005 

 
Summary 
Purpose 
The purpose of this memorandum is to summarize the regulations that apply to the design 
and operation of the proposed MRC Water Treatment Plant.   

Conclusions 
Most all of the existing and proposed regulations will have a significant impact on the design 
and operation of the MRC Water Treatment Plant.  Consideration of the more stringent 
Maximum Contaminant Levels and other standards and requirements dictate the selected 
processes, their design and the treatment goals for the plant. 

Background 
CDM was contracted to complete a water quality study and evaluation related to the MRC 
WTP.  Review and evaluation of water quality regulations affecting the design of the MRC 
WTP were completed and is outlined in this technical memorandum.  Additional information 
regarding the regulatory requirements can be found in the EE&T Final Engineering Report 
(dated June 2002) titled Compliance Audit of Surface Water Treatment Plant and Well Systems for 
the Sangre de Cristo Water Division, as well in the supplemental technical memoranda prepared 
by CDM for the MRC WTP Water Quality Studies and Evaluations Project.   

Regulatory Overview 
Drinking water quality is regulated by the United States Environmental Protection Agency 
(EPA) and the New Mexico Environmental Improvement Board (NM EIB) Drinking Water 
Standards 20 NMAC 7.1 through a number of existing regulations.  New regulations were 
recently promulgated by the EPA and additional regulations are currently under 
development.  The goals of these regulations are to improve water quality and minimize risks 
to public health.   

The WTP design must allow Santa Fe to easily comply with all applicable regulations.  
Therefore, the proposed and anticipated regulations all must be considered during design of 
the MRC WTP.  Table 1 presents a list of the current and anticipated water quality regulations 
that will affect the design of the MRC WTP. 
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The regulations dictate drinking water quality requirements such as maximum contaminant 
levels (MCLs) and levels of treatment.  These regulations form the basis of the water 
treatment goals of the new MRC WTP.  The water treatment goals and the Rio Grande water 
quality must be analyzed together as a basis for the selected unit processes and the design 
criteria for the WTP.  The next section discusses each of the key regulations. 

Key Water Quality Regulations 
A brief discussion of each of the regulations affecting the design of the MRC WTP is 
presented in this section. 

Total Coliform Rule 
The Total Coliform Rule (TCR) was promulgated by EPA in June 1989 and applies to all 
public water systems.  The purpose of the TCR is to improve public health protection by 
reducing fecal pathogens to minimal levels by early identification of potential contamination 
problems in a distribution system through routine total coliform monitoring.  The TCR 
establishes a MCL goal (MCLG) of zero for total coliforms.  The TCR requires routine monthly 
sampling at each established distribution sampling point (the number is based upon the 
served population) and analysis for total coliforms.  If any sample is positive for total 
coliform, E.Coli and fecal coliform must be determined for the sample.  Additionally, 
resampling and analysis is necessary.   Santa Fe is in violation of the TCR if more than 5 
percent of the routine and repeat samples in a month are total coliform positive or if any 
repeat sample is E. Coli or fecal coliform positive or if any routine sample is E. Coli or fecal 
coliform positive and followed by a total coliform positive repeat sample. 

It is highly likely that the Rio Grande water, the water source for the MRC WTP, will contain 
E. Coli and fecal coliforms because of cattle grazing and other activities upstream of the 
diversion. Unfortunately, existing Rio Grande water quality data by the USGS at Otowi 
gaging station or by Boyle Engineering just north of Otowi for the San Ildefonso Collector 

Table 1.  Key Existing or Expected Water Quality Regulations Affecting Design of the MRC WTP 
Regulation Year Promulgated Compliance Date 

Total Coliform Rule (TCR) 1988 1991 
Surface Water Treatment Rule (SWTR) 1989 1992 
Lead and Copper Rule 1991 1994 
Interim Enhanced Surface Water Treatment Rule (IESWTR) 1998 Jan 2002 
Stage 1 Disinfectants/Disinfection By-Products Rule (DBPR) 1998 Jan 2002 
Radionuclides Rule 2000 Dec 2003 
Arsenic Rule 2001 Jan 2006 
Filter Backwash Recycling Rule 2001 Jun 2004 
Long Term 2 Enhanced SWTR (LT2ESWTR) Early to mid-2005 2008 
Stage 2 DBPR  Early to mid-2005 2008 

National Primary and Secondary Drinking Water Standards Multiple 3 years after promulgation 
of an added standard 
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Well Demonstration Project does not include any fecal coliform or E. Coli testing results to 
confirm the potential contamination risk.   The plant must be designed to fully disinfect 
ambient fecal matter coliforms so it does not enter the distribution system, resulting in TCR 
violations.  

Surface Water Treatment Rule 
The Surface Water Treatment Rule (SWTR) was promulgated in 1989 by EPA and the NM 
EIB.  The SWTR includes requirements for removal and inactivation of viruses and Giardia, 
finished water (i.e., plant effluent) disinfection residual, and finished water turbidity.  
Filtration and disinfection must provide at least 3-log (99.9 percent) Giardia 
removal/inactivation, and 4-log (99.99 percent) virus removal/inactivation.  The SWTR 
allows a conventional sedimentation/filtration treatment plant like proposed for the MRC 
WTP a set log removal credit of 2.5-log for Giardia, and 2-log for viruses.  The remaining 
inactivation of 0.5-log for Giardia and 2-log for viruses must be met by chemical disinfection. 
Credit for disinfection is determined by the Ct value (disinfection residual concentration “C” 
multiplied by the disinfection contact time “t”).   SWTR turbidity provisions require a plant to 
meet a finished water turbidity of less than 0.5 NTU in 95% of the samples and not to exceed 
5.0 NTU in any samples.  Turbidity monitoring must be accomplished by continuous 
monitoring or grab samples every four hours.  A summary of the SWTR requirements are 
shown in Table 2.  Figure 1 shows a general WTP process train with the applicable credit and 
requirements of the SWTR. 

 

Table 2.  Summary of SWTR Microbial Requirements 
Microorganism MCLG MCL Notes 

Giardia lamblia zero TT Treatment must achieve 3-log (99.9%) 
removal/inactivation 

Virus zero TT Treatment must achieve 4-log (99.99%) 
removal/inactivation 

Legionella zero TT N/A 
Heterotrophic plate count n/a TT Analytic method to measure the variety of 

bacteria; concentrations indicate measure of 
water system operations 

Turbidity n/a TT (1)  Combined filtered water turbidity ≤ 0.5 NTU 
in at least 95% of monthly samples 
(2)  Combined filtered water turbidity never to 
exceed 5 NTU 

TT – Treatment technique : required process intended to reduce the level of contaminant. 



 
MRC WTP Water Quality Studies and Evaluations Project 
Regulatory Requirements Review 
March 18, 2005 
Page 4 

W:\1257 Santa Fe\32934 water qual test\appendices\regulatory require review.doc 3/18/05 brs 

 
The SWTR requirements are important for the design of the plant since this rule, in 
conjunction with later rule enhancements, affects what unit processes and their design criteria 
are required to meet the disinfection contact times and microbial removal requirements 
through the plant. 

Lead and Copper Rule 
The Lead and Copper Rule (LCR) was promulgated in 1991 to address health concerns 
associated with elevated levels of lead and copper in drinking water.   If the water 
characteristics and conditions are right, the water in the distribution system can corrode the 
metal piping resulting in elevated concentrations of metals, including lead and copper, in the 
drinking water.   The LCR requires systems to complete a corrosion study of the system and 
monitor lead and copper at entry points to the distribution system and at a specified number 
of taps within homes and/or businesses served by the water system.  The LCR also 
establishes treatment techniques requirements including corrosion control treatment, source 
water treatment, lead service line replacement, and public education.   
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Figure 1.  Example Treatment Train with
SWTR Credits and Requirements 
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The LCR set action levels of 0.015 mg/L and 1.3 mg/L for lead and copper, respectively.  The 
treatment techniques requirements could be triggered if more than 10 percent of the samples 
exceed one or both of the action levels.   

Because of the multiple water sources with differing water characteristics, introduction of a 
new water source into the system has the potential to disrupt the distribution system 
resulting in an exceedance of the action levels.  Design of the MRC WTP must address the 
impacts on the distribution system from blending the water sources to minimize corrosion 
and or precipitation in the distribution system through the production of treated water 
compatible with the other sources. 

Interim Enhanced Surface Water Treatment Rule 
The Interim Enhanced SWTR (IESWTR) was published by EPA in December 1998.  The rule 
was aimed at controlling waterborne pathogens, specifically Cryptosporidium and tightens the 
SWTR turbidity provisions.  The rule added a 2-log removal/inactivation requirement for 
Cryptosporidium.  However, the regulation allows a conventional sedimentation/filtration 
treatment plant a 2-log removal credit if turbidity requirements are met.  The turbidity 
provisions were changed to reduce the previous maximum turbidity level of 5.0 NTU to 1.0 
NTU and 95% of monthly samples must be less than or equal to 0.3 NTU.  The rule also 
requires turbidity monitoring of individual filters.  Table 3 shows how the IESWTR changed 
the SWTR; the changes are highlighted. 

 

 

Table 3.  Summary of Changes to SWTR Microbial Requirements by the IESWTR 
Microorganism MCLG MCL Notes 

Cryptosporidium zero TT Treatment must achieve 2-log (99%) 
removal/inactivation 

Giardia lamblia zero TT Treatment must achieve 3-log (99.9%) 
removal/inactivation 

Virus zero TT Treatment must achieve 4-log (99.99%) 
removal/inactivation 

Legionella zero TT N/A 
Heterotrophic plate count n/a TT Analytic method to measure the variety of 

bacteria; concentrations indicate measure of 
water system operations 

Turbidity n/a TT (1) Combined filtered water turbidity  ≤ 0.3 
NTU in at least 95% of monthly samples 

(2) Combined filtered water turbidity never to 
exceed 1 NTU 

TT – Treatment technique: required process intended to reduce the level of contaminant. 
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Design of the MRC WTP must consider removal of Cryptosporidium, which likely is present in 
the source water.   This IESWTR, and other regulations, will dictate what log removal of 
Cryptosporidium is required and thus what treatment unit processes and design criteria will be 
used for plant design.  Refer to the discussion on the Long Term 2 Enhanced SWTR presented 
later in the memorandum for additional information on Cryptosporidium.  Additionally, 
meeting the lower turbidity requirements will require more effective solids removal and 
filtration than was required under the SWTR. 

Stage 1 Disinfectants/Disinfection By-Products Rule 
The Stage 1 Disinfectants/Disinfection By-Products Rule (DBPR) was published by the EPA 
in December 1998.  It lowered the threshold for total organic carbon (TOC), established 
MCLGs and MCLs for disinfection by-products (DBPs), and set maximum residual 
disinfectant levels (MRDLs) for disinfectants.   The goal of the Stage 1 DBPR is to protect 
against health risks associated with certain DBPs from the operation of water treatment 
plants.  Systems must monitor and control the use of disinfectants and meet new 
requirements for total trihalomethanes (TTHM), the sum of five haloacetic acids (HAA), and 
bromate and chlorite.  MCLs for several DBPs are as follows: 

 TTHM - 80 µg/L 

 HAA - 60 µg/L 

 Bromate - 10 µg/L 

 Chlorite - 1.0 mg/L 

In an effort to control DBPs, steps may need to be taken to reduce TOC concentrations 
through the use of enhanced coagulation or enhanced softening.  The regulation sets a 
minimum percent of TOC removal based upon the source water TOC content and the source 
water alkalinity.  Systems using conventional treatment must meet TOC removal 
requirements unless they meet any of the exception criteria including an annual source water 
TOC of less than 2.0 mg/L.   Table 4 presents the required removal of TOC based on the 
source water TOC and alkalinity. 

 

Table 4. TOC Removal Requirements under the Stage 1 DPBR 
Source Water Alkalinity (mg/L as CaCO3) Source Water TOC 

(mg/L) 0 - 60 >60 - 120 >120 
2.0 - 4.0 35 25 15 
>4.0 - 8.0 45 35 25 
>8.0 50 40 30 



 
MRC WTP Water Quality Studies and Evaluations Project 
Regulatory Requirements Review 
March 18, 2005 
Page 7 

W:\1257 Santa Fe\32934 water qual test\appendices\regulatory require review.doc 3/18/05 brs 

Otowi Gaging Station water quality data collected by the USGS between 1990 and 2001 
indicate that the TOC in the Rio Grande ranges from a low of 1.1 to a high of 20.7 mg/L, with 
an average of 5.4 mg/L.  The three samples collected during the water quality testing 
performed by CDM ranged from 2.4 to 5.6 mg/L resulting in an average of 3.7 mg/L.   The 
Otowi data show an alkalinity range from 62 to 128 mg/L with an average of approximately 
100 mg/L.  The water quality testing data confirmed alkalinity was within the historic range 
and ranged from 69 to 130 mg/L with an average of 100 mg/L.  Therefore, from the available 
data, the required TOC removal based upon the running annual average of source water TOC 
and alkalinity will average 35 percent but could range from 25 to 40 percent. The regulation 
requires compliance to be demonstrated with paired TOC samples collected at least monthly 
from raw water and combined filter effluent with a raw water alkalinity sample collected at 
the same time.   The regulation also allows for a system to demonstrate compliance based 
upon alternative compliance criteria.  If removal of TOC proves too expensive and 
prohibitive, investigation of the other treatment methods is suggested. 

As with the other regulations, the Stage 1 DBPR requirements affect the selection of the unit 
processes as well as the design criteria.  Free chlorine based disinfectants are unlikely to be 
selected to comply with this and other regulations.  The changing source water quality will 
require operational flexibility to be designed into the plant to allow for enhancing coagulation 
to increase the percentage of TOC removal as required.  Additional information on TOC 
removal requirements can be found in the CDM technical memorandum titled MRC WTP 
Water Quality Studies and Evaluation Project Organics and TOC Evaluation.      

Radionuclides Rule 
The Radionuclides Rule, published by EPA on December 7, 2000, for regulating and reducing 
the exposure to radionuclides in drinking water, regulates the concentration of uranium as 
required by the 1986 amendments to the SDWA, and retains the existing standards for other 
contaminants.  Systems will be required to comply with the monitory requirements of the 
rule.  Systems began initial (quarterly) monitoring under a State specified plan on December 
8, 2003, the effective date for the rule. However, grandfathered data may be used to comply 
with the initial monitoring requirements under certain circumstances. The MCLs for the 
regulated radionuclides are summarized in Table 5. 

Table 5.  Radionuclide Rule Maximum Contaminant Levels 
Radionuclide MCL 

Beta/photon emitters 4 mrem/year 
Gross alpha particle 15 pCi/L 
Radium-226 and Radium-228 5 pCi/L 
Uranium 30 µg/L 
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Samples for quarterly analysis will be collected at each entry point to distribution systems.   
The results of the initial monitoring will trigger either a decreased or an increased monitoring 
frequency based on the requirements summarized in Table 6. 

All systems must complete initial monitoring by December 31, 2007, and comply with the 
monitoring frequency determined by the state after that period.  This also is the deadline for 
systems to implement technologies, management, or other options that may be necessary to 
comply with the lowered uranium MCL. 

Table 6.  Monitoring Frequency 
Initial Monitoring Results Frequency of sampling 

< detection limit 1 sample in 9 years 

> detection limit, < ½ MCL 1 sample in 6 years 

>½ MCL, < MCL 1 sample in 3 years 

> MCL Continue quarterly sampling until 4 
consecutive samples are < MCL 

 
Arsenic Rule 
EPA promulgated a lower arsenic MCL in January 2001 - this new regulation is commonly 
referenced as the “Arsenic Rule.”  The Arsenic Rule lowered the standard from 50 µg/L to 
10 µg/L (total arsenic).  The rule outlined initial compliance sampling requirements.  Surface 
water systems must complete initial compliance monitoring by December 1, 2006 (or earlier if 
grandfathered data is used).  Groundwater systems must complete initial compliance 
monitoring by December 1, 2007.  The Arsenic Rule also clarified compliance determination 
for inorganic contaminants, volatile organic contaminants and synthetic inorganic 
contaminants monitoring such that if the required number of samples are not collected, 
compliance with be based upon the actual number collected.  Additionally, of specific 
importance to the Buckman Direct Diversion Project, the Arsenic Rule stated that systems 
using new sources of water must demonstrate compliance within State-specified time and 
sampling frequencies.   

The State of New Mexico's Arsenic Compliance Strategy (August 2004) details exemption and 
variance procedures.  An exemption allows systems serving more than 3,300 people an 
additional three years to obtain compliance.  A variance allows a water system to comply 
with an alternate MCL for a limited time but eventual compliance with the new standard will 
be required.  An exemption or variance request must be submitted to the Drinking Water 
Bureau by July 1, 2005 to guarantee sufficient review time by the new standard's compliance 
date of January 23, 2006. The exemption or variance request requires a significant amount of 
information to support the need for the request.  Information includes the compelling factors 
preventing compliance, strategy and schedule for compliance, and financial and funding 
information. 
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Elevated arsenic concentrations are most often associated with groundwater sources.  Some 
existing Buckman Wells do have elevated arsenic concentrations.  For operation flexibility 
and for overall system compliance with the Arsenic Rule, the potential use of the MRC WTP 
for treatment of the groundwater with elevated arsenic concentrations may be a feasible 
option.  Additionally, Rio Grande source water may contain naturally-occurring arsenic. 
Therefore, this rule is an important consideration in plant design. 

Filter Backwash Recycle Rule (FBRR) 
The EPA promulgated the Filter Backwash Recycle Rule (FBRR) on May 30, 2001.  The 
requirements and compliance schedule, as presented in the EPA Technical Fact Sheet, are 
presented below. 

The FBRR applies to all public water systems that:  

1) use surface water or ground water under the direct influence of surface water (GWUDI);  

2) use direct or conventional filtration processes; and  

3) recycle spent filter backwash water, sludge thickener supernatant, or liquids from 
dewatering processes.  

The FBRR requires that recycled filter backwash water, sludge thickener supernatant, and 
liquids from dewatering processes must be returned to a location such that all processes of a 
system's conventional or direct filtration including coagulation, flocculation, sedimentation 
(conventional filtration only) and filtration, are employed. Systems may apply to the State for 
approval to recycle at an alternate location.  This rule must be considered during design of the 
MRC WTP to ensure full treatment of the recycle occurs.   

Long-Term 2 Enhanced Surface Water Treatment Rule 
The Long-Term 2 Enhanced Surface Water Treatment Rule (LT2ESWTR) is an EPA drinking 
water regulation that EPA proposed on August 11, 2003.  The comment period for the 
proposed rule closed on January 9, 2004, and the rule will be promulgated early to mid-2005.  
The EPA’s intent is to provide more uniform public health protection by linking the level of 
required water treatment to the level of source water contamination. The objective is to 
determine the concentration of Cryptosporidium in a plant’s source water and to designate the 
appropriate treatment requirements.  

LT2ESWTR will apply to medium and large filtered systems (greater than or equal to 10,000 
people served) using surface water, including both community and non-community systems. 
This is estimated to include approximately 2,000 WTPs nationwide. Ground water systems 
(not under the influence of surface water) are exempt from LT2ESWTR, as are surface water 
systems that already provide greater than or equal to 5.5-log removal of Cryptosporidium. 
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LT2ESWTR will initially require monthly sampling and testing for Cryptosporidium, E. Coli, 
and turbidity of the source water for 24 consecutive months.  Giardia is also analyzed with 
the EPA approved Cryptosporidium test method at no additional cost.  CDM prepared a 
Cryptosporidium sampling protocol for the City’s use in collecting data for use in the MRC 
WTP.  City staff began collecting water samples for Cryptosporidium analysis in August 2003.  

Based upon the monitoring, the system will receive a “Bin Classification.”  The water quality 
will determine the appropriate Bin Classification for Rio Grande source water and required 
additional treatment.  Recognizing that filtration plants meeting turbidity requirements will 
receive a 2-log Cryptosporidium removal credit under the IESWTR.  The LT2ESWTR Bin 
Classification dictates what additional removal is required, if any.  Table 7 presents the Bin 
Classification and additional removal requirement based upon average Cryptosporidium 
concentration. 

 

As can be seen from Table 7, determining the Bin Classification of the Rio Grande source 
water is critical for design of the water treatment plant.  The plant could be easily under- or 
over-designed if the preliminary Bin Classification is not accurate.  The regulation outlines a 
“microbial toolbox” with options that can be implemented to meet the additional removal 
requirements under the system’s Bin Classification.  Some options have a set credit while 
others are based upon plant specific criteria.  Systems that use ozone, chlorine, UV, or 
membrane and conventional treatment may receive credit toward Bin requirements based 
upon plant specific criteria.   

Table 8 provides a summary of the Microbial Toolbox and it’s applicability to the MRC WTP 
design.  Additional information regarding the Bin Classification can be found in the CDM 
technical memorandum titled MRC WTP Water Quality Studies and Evaluation Project 
Cryptosporidium / Microbial Study Testing and Results.     

Table 7. LT2ESWTR Cryptosporidium Bin Classifications 

Bin # Average Cryptosporidium 
Concentration 

Additional Treatment 
Requirements1 

1 < 0.075/L No Action 
2 0.075/L - <1.0/L 1.0-log Treatment 
3 1.0/L - < 3.0/L 2.0-log Treatment 
4 > 3.0/L 3.0-log Treatment 

1Over and above conventional treatment that complies with IESWTR 
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Stage 2 Disinfectants/Disinfection By-Products Rule 
The proposed Stage 2 DBRP was published in the Federal Register on August 18, 2003.  The 
comment period closed on May 15, 2004, with the rule likely being finalized in summer 2005.  
The Stage 2 DBPR will supplement other regulations by requiring systems to meet DBP MCLs 
at each monitoring site in the distribution system, rather than in the system as a whole based 
on a running annual average (RAA).  Systems will conduct an evaluation of their distribution 
system to identify the locations with high DBP concentrations.  These locations will be used 
for DBP compliance monitoring.  Compliance will be based on a Locational Running Annual 
Average (LRAA) in two different stages.  During the first stage (2A), the LRAA will be 
calculated for the system’s existing monitoring locations.  During the second stage (2B), the 
system must monitor at the compliance monitoring locations identified from the evaluation 
that identified the points with highest DBP concentrations.  Table 9 summarizes the Stage 2 
DBPR requirements. 

Table 9.  Stage 2 DBPR Requirements 
Maximum Contaminant Levels (mg/L) 

Stage 2A (2008)1 Stage 2B (2011) 
Disinfection  
By-Product 

RAA LRAA LRAA 
THM 0.080 0.120 0.080 
HAA 0.060 0.100 0.060 
1Early anticipated compliance date, 3-year extension for capital improvement projects 

 

Table 8.  EPA Microbial Toolbox Options for the LT2ESWTR 

Toolbox Option Proposed Credit Applicable to MRC WTP 
Design? 

Pre-Sedimentation Basin with 
Coagulation 0.5-log Yes, can be added to 

conventional treatment train 

Lower Finished Water Turbidity 
0.5-log for CFE <0.15 in 95% samples per 

month 
1.0-log for individual filters <0.15 in 95% 

samples per month 

Yes, within capabilities of a well-
designed and –operated 

conventional treatment facility 

Second Stage Filtration 0.5-log Yes, but requires additional 
capital cost 

Membranes Credit equal to demonstrated removal 
efficiency in challenge test Yes 

Chlorine Dioxide Credit based on CT table Yes 
Ozone Credit based on CT table Yes 

UV Credit based on demonstration of 
compliance with UV dose table Yes 

Demonstration of Performance 1.0-log based on average spore removal 
4-log based on 1 year of weekly monitoring Yes 
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This rule requires that the selected disinfectant(s) used at the MRC WTP be carefully chosen 
to not cause compliance problems with the portion of the distribution system served by this 
facility.  The hypochlorite based disinfectant (MIOX) used at other City facilities such as the 
Canyon Road Water Treatment Plant may not be capable of controlling formation of these 
DBP concentrations when TOC levels are potentially high.  Additional information regarding 
the DBP concentrations can be found in the CDM technical memorandum titled MRC WTP 
Water Quality Studies and Evaluation Project Disinfection By-Product Study.     

National Primary and Secondary Drinking Water Regulations 
Drinking water standards are regulations that EPA sets to control the level of contaminants in 
the nation's drinking water. These standards are part of the Safe Drinking Water Act's 
"multiple barrier" approach to drinking water protection, which includes assessing and 
protecting drinking water sources; protecting wells and collection systems; making sure water 
is treated by qualified operators; ensuring the integrity of distribution systems; and making 
information available to the public on the quality of their drinking water.  These standards 
were developed under the provisions of the Safe Drinking Water Act and the subsequent 1986 
and 1996 amendments.  Most of these standards have been previously discussed and were 
adopted under specific rules such as the DBPR and the Arsenic Rule.  

There are two categories of drinking water standards: 

 A National Primary Drinking Water Regulation (NPDWR or primary standard) is a 
legally- enforceable standard that applies to public water systems. Primary standards 
protect drinking water quality by limiting the levels of specific contaminants that can 
adversely affect public health and are known or anticipated to occur in water. They take 
the form of MCLs or Treatment Techniques.  Currently, there are primary standards for 
over 90 contaminants. 

 A National Secondary Drinking Water Regulation (NSDWR or secondary standard) is a 
non-enforceable guideline regarding contaminants that may cause cosmetic effects 
(such as skin or tooth discoloration) or aesthetic effects (such as taste, odor, or color) in 
drinking water. EPA recommends secondary standards to water systems but does not 
require systems to comply. However, states may choose to adopt them as enforceable 
standards. New Mexico does not enforce secondary standards. Approximately 15 
contaminants are on the EPA secondary standards list. 

The contaminant-specific MCLs are not discussed in this memorandum. Rather, the 
applicable MCL is discussed as it is applies to each evaluation.  For instance, the contaminants 
study technical memorandum includes a listing of the measured contaminant’s MCL for 
comparison with the laboratory results. 
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Technical Memorandum  
 
MRC WTP Water Quality Studies and Evaluations Project 
Cryptosporidium / Microbial Study Testing and Results 
March 18, 2005 

 
Summary 
Purpose 
The purpose of this memorandum is to evaluate the average Cryptosporidium concentration in 
the proposed source water for the Municipal Recreation Complex (MRC) Water Treatment 
Plant (WTP).  Using this information, the Bin Classification for Cryptosporidium removal, in 
accordance with the Long Term 2 Enhanced Surface Water Treatment Rule (LT2ESWTR), can 
be determined.  The Bin Classification estimate will be used in developing the MRC WTP.  

Conclusions 
Cryptosporidium is prevalent in many source waters and removal in water treatment is 
essential to protect the public’s health.  Based on the results of this study a Bin Classification 
of 2 (an additional 1-log removal of Cryptosporidium above the 2-log removal requirement 
satisfied by filtration), will be necessary at the MRC WTP.  This Classification is based upon 
the limited sampling and testing data performed for the Buckman Direct Diversion Project 
and the requirements specified in the proposed LT2ESWTR.    

Background 
Cryptosporidium is a microorganism commonly found in lakes and rivers and is highly 
resistant to typical disinfection practices.  Cryptosporidium has periodically caused large 
outbreaks of gastrointestinal illness, with symptoms that include diarrhea, nausea, and/or 
stomach cramps.  The immune-compromised portion of the population often exhibit much 
more serious healthy effects.  Therefore, removal of Cryptosporidium from public drinking 
supplies is essential for water treatment plants (WTPs) across the United States with 
susceptible source waters.  

In the summer of 2003, the United States Environmental Protection Agency (EPA) proposed a 
new drinking water regulation with the objective of determining the level of source water 
Cryptosporidium contamination and the appropriate level of treatment.  With the intent of 
providing more uniform public health protection, the new regulation, titled the Long Term 2 
Enhanced Surface Water Treatment Rule (LT2ESWTR), is to be promulgated by early to mid 
2005.  Additional information regarding the LT2ESWTR can be found in the CDM technical 
memorandum titled MRC WTP Water Quality Studies and Evaluation Project Regulatory 
Requirements Review and Evaluation.     
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LT2ESWTR will apply to medium and large filtered systems (greater than or equal to 10,000 
people served), using surface water, including both community and non-community systems.  
This is estimated to include approximately 2,000 WTPs nationwide.  Groundwater systems 
(not under the influence of surface water) are exempt from LT2ESWTR, as are surface water 
systems that already provide greater than or equal to 5.5-log removal of Cryptosporidium. 

With respect to the LT2ESWTR, one removal credit equals 1-log of additional inactivation 
beyond treatment required under the Surface Water Treatment Rule.  Different types of 
treatment process are assigned certain removal credits.  The different types of drinking water 
disinfection processes (conventional filtration, ozonation, membrane filtration, etc.) are 
assigned a credit value.  Therefore, if the EPA requires a 3-log removal, the water must 
proceed through enough processes until 3 credits of inactivation are attained.  For example, 
2-log equals an additional 99 percent removal and 3-log equals 99.9 percent removal of 
Cryptosporidium.  Additional information regarding the log and credit assignments is 
presented in the following sections.   

LT2ESWTR will initially require monthly sampling and testing for Cryptosporidium, E. coli, 
and turbidity of the source water for 24 consecutive months.  Giardia, another common 
microorganism found in lakes and rivers, is also analyzed with the EPA approved 
Cryptosporidium test method (EPA Test Method 1623) at no additional cost.  The 
grandfathering of data is not guaranteed as the LT2ESWTR has not yet been promulgated.  
However, published EPA information entitled “Guidance on Generation and Submission of 
Grandfathered Cryptosporidium Data for Bin Classification Under the Long-Term 2 Enhanced Surface 
Water Treatment Rule,” April 2003, (hereinafter referred to as EPA Guidance) gives an early 
indication that the data would be acceptable if it meets EPA requirements for sampling and 
analysis.   

For this study, monthly sampling and testing for Cryptosporidium and turbidity was 
conducted over a seven month period.  The following section includes the recommended 
protocol as required for grandfathering of data collection. 

Recommended Protocol 
The following protocol is based upon EPA Guidance.  In order for the Cryptosporidium data to 
be grandfathered by the EPA under the LT2ESWTR the protocol must be followed exactly.  
Either EPA Test Method 1622 (Cryptosporidium) or EPA Test Method 1623 (Cryptosporidium 
and Giardia) can be used for laboratory analyses.       
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Sampling Schedule 
Sampling is required once per month for a period of two years (24 total samples) from the 
planned source water.  Samples should be taken at the same time each month (i.e. first of each 
month) with 30 days between each sampling period.  EPA recommends that WTPs develop a 
sampling schedule listing the calendar date on which each Cryptosporidium sample will be 
collected.  This schedule should be prepared prior to initiation of monitoring.  Samples 
should be collected within 2 days before or after the dates indicated in the sampling schedule. 

Exceptions to the sampling schedule include the following:   

 If the sample cannot be collected for safety or other unforeseen reasons, the sample 
should be collected as close to the originally scheduled date as possible and an 
explanation for the schedule deviation should be prepared for inclusion with the 
laboratory results. 

 If an analytical method quality control standard compliance failure (sample is lost or 
contaminated, laboratory exceeds holding time, or one of the three testing constraints 
discussed below can not be met), a replacement sample should be collected within 14 
days of being notified by the laboratory of the analytical problems.  An explanation for 
the schedule deviation should be prepared for inclusion with the laboratory results. 

 If the regular sampling dates occur during a rain event, this should be documented.  
During the period of sampling, if a rain event occurs between regular sampling dates, a 
sample should be taken immediately to capture this runoff event.  A total of 3 to 4 
samples during rain events is preferred and may consist of a combination of regular 
sampling dates and rain events between regular sampling dates. 

Alternative or adjusted sampled collection dates should be timed so as not to coincide with 
another scheduled Cryptosporidium sample collection date. 

Grandfathering Data 
In order for the Cryptosporidium data to be grandfathered by the EPA for the LT2ESWTR, one 
of the following three constraints must be met for each sample: 

 The entire 10-liter sample must be analyzed for the Cryptosporidium concentration by 
EPA Test Method 1622 or 1623:  The 10-liter bulk water sample is filtered (in the 
laboratory) utilizing one filter only.  The Cryptosporidium oocysts, cysts, and extraneous 
materials are retained on the filter.  The fluid is then discarded and the material on the 
filter is analyzed. 

 Two “clogged filters” must be analyzed for the Cryptosporidium concentration by EPA 
Test Method 1622 or 1623:  The bulk water sample is filtered (either in the field or in the 
laboratory) until water cannot pass through (i.e. “clogged”).  The Cryptosporidium 
oocysts, cysts, and extraneous materials are retained on the filter.  The fluid is then 
discarded and the material on the filter is analyzed (a minimum of two filters). 
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 Four “packed pellet volumes” must be analyzed for the Cryptosporidium concentration 
by EPA Test Method 1622 or 1623:  The material on the filter is eluted and centrifuged 
(i.e. “packed”).  The pellet generated using in the centrifuge contains the 
Cryptosporidium oocysts, cysts, and extraneous materials.  The fluid is then discarded 
and the pellet is analyzed (a minimum of four pellets).  However, each pellet volume 
may not exceed 0.5 milliliter for each test. 

Laboratory Results 
The water utilized for sampling was collected on a monthly basis, beginning in August 2003, 
from the proposed location of the Buckman Direct Diversion Project Intake Structure on the 
Rio Grande.   The water samples were sent to Assaigai Analytical Laboratories (Albuquerque, 
NM) for analyses of turbidity by EPA Test Method 180.1.  The samples were then sent to CH 
Diagnostic and Consulting Service Inc. (Loveland, CO) for analyses of Cryptosporidium and 
Giardia concentrations by EPA Test Method 1623.    

For each source water sample the location, depth and temperature were recorded before a 10-
liter sample was collected.   The samples were then appropriately labeled, packed in a cooler 
with ice, and shipped to the laboratory with the pertinent paperwork.   A summary of the 
analytical laboratory analyses is presented in Table 1 below and copies of the laboratory 
reports are included in Appendix A.  

Although 24 months of data were not collected, which is required by the EPA for 
determination of the WTP Bin Classification, the values can still be utilized for a 
generalization of the 12-month Cryptosporidium average concentration.  The average (or mean) 
Cryptosporidium concentration for this study is calculated as 0.03 per liter, based upon the 
seven discrete samples.  

Table 1.  Summary of Cryptosporidium and Giardia Concentrations 
Cryptosporidium Giardia 

Sample 
Date 

Volume 
Tested  
(Liter) 

Turbidity 
(NTU) # Detected1 # / Liter2 # Detected1 # / Liter2 

River 
Daily 
Flow  
(cfs) 

08/13/03 7.0 150 0 0 3 0.4 481 
08/25/033 9.0 117 0 0 63 7 966 
09/11/03 0.0984 2590 0 0 1 10 774 
10/09/03 2.0 71.2 0 0 24 124 372 
11/06/03 6.116 16.1 1 0.2 68 114 382 
12/04/03 5.0 25.3 0 0 19 4 600 
01/06/04 10.0 7.8 0 0 23 2 385 

NTU = Nephelometric Turbidity Unit 
cfs = Cubic Feet per Second 
1Detected = Includes all oocysts and cysts of Cryptosporidium or Giardia observed, respectively, using EPA Test Method 1623. 
2Laboratory presents Cryptosporidium concentration (#/L) as detection limit (see laboratory report).   
3Sample was collected after a rain event on 08/25/03. 
4Laboratory results are rounded to the nearest 10 (see laboratory report). 
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Discussion of Results 
Per the proposed LT2ESWTR, the WTP Bin Classification ultimately dictates the level of 
treatment, and types of treatment, required for the MRC WTP.  Table 2 below presents the 
distinction between the proposed EPA Bin Classifications.   

A Bin Classification, according to the EPA, is the level of additional treatment required.  
Based upon the collected data and the average Cryptosporidium concentration of 0.03 per liter, 
the WTP must comply with Bin Classification 1.  However, due to the limited data, a Bin 
Classification 2, 1-log additional treatment, is recommended for the MRC WTP.  As 
mentioned above, the collected data can be utilized for preliminary design of the WTP.  
Although only seven months of data were collected, the data is likely representative of the 
worst conditions in the river.  The river flows at the sampling time ranged from 372 to 966 cfs, 
as shown in Table 1 and as recorded by the USGS Otowi Gaging Station just upstream of the 
proposed Buckman Diversion Structure location.  The lower flow (372 cfs) is near the normal 
low flow in the river.  Although the highest flow (966 cfs) is significantly lower than the 
normal high flows, it occurs during a rain storm likely increasing the Cryptosporidium 
concentration.  This “worst-case” assignment (Bin Classification 2) for the drinking water 
treatment will greatly minimize the public’s exposure to harmful levels of the Cryptosporidium 
microorganism. 

The Rio Grande has a significant sediment concentration that affected the ability of the 
laboratory to process the minimum ten liters of water with one filter and/or one pellet.  
Completing the laboratory analyses to meet either of the other criteria (two clogged filters or 
four packed pellets) increased the cost of the analyses tremendously.  Because of the City’s 
budgetary limitations only one of the seven tests met the criteria that would allow the data to 
be grandfathered.   According to discussions with EPA, the sampling location for the MRC 
WTP will likely be the pre-sedimentation facility discharge, which does not yet exist.   

Table 2.  Bin Classifications by Mean Cryptosporidium Concentrations and 
Required Additional Source Water Treatment 

Bin Mean Cryptosporidium Concentration Requirements 
1 Less than 0.075/Liter (L) No additional treatment required1 

2 
Greater than or Equal to 0.075/L,  

but Less than 1.0/L 
1 log additional treatment2  

3 
Greater than or Equal to 1.0/L,  

but Less than 3.0/L 
2 log additional treatment3 

4 Greater than or Equal to 3.0/L 2.5 log additional treatment3  
1Beyond treatment required under existing Surface Water Treatment Rule (SWTR). 
2Public Water Supply (PWS) may use any technology or combination of technologies from the toolbox.  (See Draft 
Rule for Toolbox explanation). 

3Greater than or equal to 1 log of the required additional treatment from ozone, chlorine dioxide, UV, membranes, 
bag/cartridges, or bank filtration. 
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Therefore, there is no value or need to report this testing data to EPA for grandfathering 
under LT2ESWTR.   The intent of the study was to select the appropriate Bin Classification for 
water treatment, not to incorporate grandfathering of the data.  However, the data will be 
useful for future considerations regarding the source water for the Buckman Direct Diversion 
Project. 
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Appendix A 
Analytical Laboratory Results 

 

 































W:\1257 Santa Fe\32934 water qual test\appendices\app covers.doc 3/18/05 brs 

APPENDIX C 
TASTE AND ODOR EVALUATION TECHNICAL MEMORANDUM 



A 

W:\1257 Santa Fe\32934 water qual test\appendices\taste & odor eval.doc 3/18/05 brs 

Technical Memorandum  
 
MRC WTP Water Quality Studies and Evaluations Project 
Taste and Odor Evaluation 
March 18, 2005 

 
Summary 
Purpose 
The purpose of this memorandum is to summarize the potential for taste and odor problems 
for the Buckman Direct Diversion Project based upon raw water quality testing over three 
seasons. 

Conclusions 
Data collected during the three rounds of testing were within historical water quality ranges 
for the Rio Grande near the proposed diversion location.  The results of the testing show that 
odor constituents were not present during the three rounds of testing and may only be an 
occasional concern.  Taste constituents were present in all three rounds of testing and iron, 
manganese, and sodium are the most likely constituents to be present at levels that could 
cause taste complaints if concentrations are not reduced through treatment.  Likewise, natural 
occurring organic matter (NOM) and organic contaminants (herbicides, pesticides, etc.) may 
potentially contribute to taste complaints. 

Background  
Taste and odor are aesthetic qualities of drinking water that are most often measured by 
human perception and result in customer complaints.  Although all water sources can have 
undesirable taste and odor causing substances present, surface water sources are more likely 
to be affected.  The water for the Buckman Direct Diversion is a river source that is stored in 
upstream reservoirs.  Storage in a reservoir creates the potential for algal blooms and runoff 
contamination, as well as vulnerability concerns.   

Inorganic compounds are one source of unwanted tastes in drinking water.  Specifically, 
ferrous (Fe2+) and manganese (Mn2+) ions can be present in surface water due to mixing and 
pH changes that thermal stratification and oxygen depletion cause.  This most often occurs 
within reservoirs.  These ions can produce metallic tastes if present at high enough 
concentrations.  Copper and zinc also can cause the water to have a metallic taste.  High 
sodium, hardness, total dissolved solids and alkalinity are other common causes of customer 
taste complaints.  However, the most common taste problems are caused by the use of 
chlorine as a disinfectant; chlorine has an extremely distinctive taste.   
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Another source of taste and odors in water supplies is the growth and decay of 
microorganisms in surface water.  Two compounds, 2-methylisoborneol (MIB) and geosmin, 
are most commonly cited as imparting unpleasant earthy/musty tastes and odors to waters.  
The source of these and other compounds associated with taste and odor is primarily the 
degradation products of blue-green algae (cyanobacteria) and certain fungi (actinomycetes).  
These taste and odor causing problems are more likely with surface water sources 
impounded in reservoirs where algal blooms can occur.   Table 1 presents a summary of the 
taste and odors problems, the chemical or biological cause, and the applicable measurement 
level where problems are first discernable. 

Table 1.  Summary of Taste and Odor Causing Compounds 

Smell or Taste Cause Minimum Level to Cause 
Complaints, or MCL if lower1 

Taste Problems 
Salty Brackish high sodium 20 mg/L 
Alkali high hardness 

total dissolved solids 
high alkalinity 

80 mg/L 
500 mg/L 
<30 or >300 mg/L2 

Metallic iron 
manganese 
copper 
zinc 

0.04-0.1 mg/L 
0.05 mg/L 
1 mg/L 
4-5 mg/L 

Organics naturally occurring matter or organic 
contaminants (i.e. algal bio-products, 
herbicides, pesticides) 

0-10 mg/L (varies according to 
constituent) 

Odor Problems 
Rotten-Egg hydrogen sulfide 0.0001 mg/L 
Musty, earthy, or fishy algal (blue-green and fungal) bio-products 

- geosmin 
- MIB 
- 2-Isobutyl-3-methoxy pyrazine (IBMP) 
- Isopropyl methoxy pyrazine (IPMP) 
- 2,4,6-Trichloroanisole (2,4,6-TCA) 
algal (flagellates and diatoms) bio-products 

 
<5-10 ng/L 
<5-10 ng/L 
<5-10 ng/L 
<5-10 ng/L 
<5-10 ng/L 

1Sources:  
American Water Works Assoc./ American Society of Civil Engineers Water Treatment Plant Design (3rd Ed.) (1998). 
Integrated Design and Operation of Water Treatment Facilities (2nd Ed.) by Susumu Kawamura (2000).  
United States Environmental Protection Agency List of Drinking Water Contaminants & MCLs.  
Water Quality Assoc. List of National Secondary Drinking Water Standards and Other Aesthetic Contaminants. 

2Low alkalinity waters tend to dissolve minerals and metals, high alkalinity waters tend to precipitate minerals and metals (thus 
effecting taste).  

 
The odor causing algal bio-products can be measured in the laboratory with gas 
chromatography - mass spectrometry methodologies.  Other constituents such as iron, 
copper, hardness, etc. are also easily measured with standard laboratory techniques.  
Detection and measurement methodologies for overall odors are not well developed.  
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Threshold Odor Number (TON) is a measure of the water’s odor intensity.  TON is derived 
by specific dilutions of odor free water with the water being tested and is diluted until nearly 
no odor is perceived.  A TON of 1.4 would be 140 milliliters (mls) of sample water with 60 mls 
of odor free water and just being able to detect an odor. A TON of 2 would be 100 mls of both 
sample water and odor free water. A TON of 1 is undiluted (200 mls of sample water) and 
essentially odor free.  Determination of the amount of odor is typically done by a panel of 
odor testers using EPA Test Method 0140.1 (Odor Threshold).  Because of the inherent 
inaccuracies of individuals, the TON is not an absolute measurement.  However, a TON of 3 
has been set as a secondary (unenforceable) drinking water standard. 

Laboratory Results 
Sampling and laboratory analyses were conducted during all three rounds of testing of the 
project: spring run-off, summer monsoon, and fall low flow periods.  The raw water utilized 
for sampling was collected from the proposed location of the Buckman Direct Diversion 
Project Intake Structure on the Rio Grande.  Spring run-off water was sampled on May 21, 
2003.  Flow in the Rio Grande, as measured at the Otowi gaging station was approximately 
1,100 cubic feet per second (cfs).  Summer monsoon testing was completed on August 8, 2003.  
Flow in the Rio Grande was 1,030 cfs.  Fall low flow testing was completed on October 28, 
2003.  According to the Otowi gage, the flow in the Rio Grande was 385 cfs.  Table 2 presents 
the results of the laboratory analyses of the selected compounds.   

Table 2.  Laboratory Results for Rio Grande Samples  
Testing Period 

Compound Threshold 
Level Spring Run-Off 

(5/21/03) 
Summer Monsoon 

(8/8/03) 
Fall Low Flow 

(10/28/03) 
Taste Causing Components 
Iron 0.04-0.1 mg/L 0.03 mg/L 2.2 mg/L 0.64 mg/L 
Manganese 0.05 mg/L 0.015 mg/L 0.057 mg/L 0.030 mg/L 
Copper 1 mg/L 0.0014 mg/L 0.0039 mg/L 0.0039 mg/L 
Sodium 20 mg/L 17 mg/L 13 mg/L 24 mg/L 
Total Alkalinity <30-300 mg/L 100 mg/L 69 mg/L 130 mg/L 
Total Dissolved Solids 500 mg/L 190 mg/L 220 mg/L 260 mg/L 
Total Hardness as CaCO3 80 mg/L 130 mg/L 120 mg/L 140 mg/L 

Odor Causing Components 
Threshold Odor Number (TON) 3 <1.0 <1.0 <1.0  
Geosmin <5-10 ng/L <5 ng/L NM NM 
MIB <5-10 ng/L <5 ng/L NM NM 
2-Isobutyl-3-methoxy pyrazine 
(IBMP) 

<5-10 ng/L <5 ng/L NM NM 

Isopropyl methoxy pyrazine 
(IPMP) 

<5-10 ng/L <5 ng/L NM NM 

2,4,6-Trichloroanisole 
(2,4,6-TCA) 

<5-10 ng/L <5 ng/L NM NM 

NM = Not measured 
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Discussion of Results 
The testing results indicate that taste causing components are present in the raw water but 
that odor causing components are not.   

During the first round of testing (spring run-off), most of the inorganic taste causing 
constituents were at their lowest concentration seen throughout the testing and at 
concentrations lower than normally detectable by water customers.  The concentrations of all 
of these components were dramatically higher in both of the other two testing rounds 
(summer monsoon and fall low flow) when rain and lower reservoir and river flows 
contribute to an increasing concentration of soil and organic material loading to the river.  

Manganese was present at a discernable concentration only during the second testing period.   
The concentration of total dissolved solids and copper were below the taste threshold (and 
secondary standards) in all testing periods.  Iron was elevated above the taste threshold in 
both the second and third testing periods.  Sodium was elevated only during the third round.   

Total hardness was higher than the minimum level for taste complaints during all periods.  
However, the level shown in Table 1 (80 mg/L) is a concentration were complaints are more 
common when customers are used to soft water produced by a water softening treatment 
plant.  The customers in Santa Fe (and in the west) are accustomed to harder water.  The 
water tested is softer than that of the Buckman Wells water which ranges from 19 to 506 
mg/L in the 13 wells.  Three of the existing wells have a hardness greater than 250 mg/L and 
two of these are over 500 mg/L.  Historically, the City’s Water Division receives more 
complaints when the Buckman Wells are providing a larger percentage of the City’s water 
than is the Canyon Road Water Treatment Plant.  Therefore, the hardness of the Rio Grande 
source water is not expected to cause complaints.   Likewise, the alkalinity of the Buckman 
wells is considerably higher than the raw river water.  The range of alkalinity in the Buckman 
Wells is 124 to 763 mg/L and the composite of the wells is often higher than the 300 mg/L 
threshold concentration.  Therefore, the alkalinity in the Rio Grande water is not likely to be a 
source of complaints. 

The United States Geological Survey (USGS) has completed extensive water quality testing of 
the Rio Grande at the Otowi gaging station over the past 44 years.  The Otowi gaging station 
is located just a few miles upstream of the proposed diversion location and therefore the data 
is a great indicator of the water quality that will be diverted for the project.  This data was 
reviewed to determine a historical range and average of the taste causing components (no 
odor causing components are included in the historical data).   Table 3 presents the range and 
historical average for the taste causing constituents. 
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The results obtained during the three rounds of testing are all within the historical range of 
Otowi gaging station data.   Zinc was not analyzed during the three testing periods.  
However, the Otowi Gaging station data show the concentration has never been higher than 
71 ug/L, far less than the 4 mg/L taste threshold and thus not likely to cause a taste problem. 

The odor causing algal bio-products were non-detect during the first round of sampling. The 
non-detect result was confirmed by a laboratory TON panel test which was less than 1.0 for 
all periods.  As explained above, a TON of less than 1.0 indicates that the raw water did not 
have a discernable odor even when undiluted.  No analyses for algal bio-products were 
conducted in the second or third round.  However, the TON was non-detect in these rounds.  
Although the TON and algal bio-products testing indicated the water did not have a 
discernable odor, a musty odor was slightly detectable during handling of the water for the 
bench scale testing.  However, the odor was not discernable in the treated water. 

Although algae does not appear to be a pervasive problem in the raw river water, it may 
become an issue if lagoons are used near the river for pre-sedimentation.  The lagoons would 
be designed to remove sand and grit particles to protect mechanical equipment.  There is a 
possibility that algae will grow in the lagoons at certain times of the year.  Therefore, design 
and operation of the lagoons must consider prevention and mitigation (through chemical or 
nutrient control) of algae. 

Table 3.  Rio Grande Water Quality Data from USGS Otowi Gaging Station 

Parameter Threshold 
Values Historical Range, mg/L Historical Average, mg/L 

Dissolved Iron 0.04-0.1 mg/L <0.001 – 13 0.057 
Dissolved Manganese 0.05 mg/L <0.001 – 0.180 0.010 
Dissolved Copper 1 mg/L <0.001 – 0.035 0.0035 
Dissolved Sodium 20 mg/L 7.5 – 63 23.1 
Dissolved Zinc 4-5 mg/L <0.001 – 0.0071 0.010 
Alkalinity <30-300 mg/L 62 - 150 100 
Total Dissolved Solids 500 mg/L 117 - 1,030 251 
Total Hardness1 80 mg/L 66 - 148 143 
1Calculated from calcium and magnesium concentrations 
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Technical Memorandum 
 
MRC WTP Water Quality Studies and Evaluations Project 
Contaminants Study 
March 18, 2005 

 
Summary 
Purpose 
This memorandum presents the results of analytical sampling conducted to determine the 
presence and concentration of contaminants in the raw water source for the Buckman Direct 
Diversion Project.  The concentration of contaminants was also studied in a number of the 
existing Buckman wells. 

Conclusions 
The analyses and historic data indicate that only a few constituents are present above 
drinking water standards in the raw water at Buckman.  The constituents include turbidity, 
color, aluminum, iron, manganese, and nitrate.  Treatment and/or removal of these 
constituents need to be the goal of the new MRC WTP. 

The data collected for the Buckman wells indicate that two main contaminants are present 
that may pose a regulatory compliance problem, arsenic and uranium.  Data were collected 
from nine of the thirteen wells and of those wells, five exceed the arsenic MCL of 10 µg/L.  
Well 2 was the only well of the nine where uranium approaches or exceeds the proposed 
MCL. 

Background 
Drinking water standards are regulations that EPA sets to control or minimize the level of 
contaminants in the nation's drinking water. These standards are part of the Safe Drinking 
Water Act's "multiple barrier" approach to drinking water protection, which includes 
assessing and protecting drinking water sources; protecting wells and collection systems; 
requiring water to be treated by qualified operators; providing for the integrity of distribution 
systems; and making information available to the public on the quality of their drinking 
water.  These standards were developed under the provisions of the Safe Drinking Water Act 
and the subsequent 1986 and 1996 amendments.   

There are two categories of drinking water standards: 

 A National Primary Drinking Water Regulation (NPDWR or primary standard) is a 
legally enforceable standard that applies to public water systems. Primary standards 
protect drinking water quality by limiting the levels of specific contaminants that can 
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adversely affect public health and are known or anticipated to occur in water. They take 
the form of MCLs or Treatment Techniques.  Currently, there are primary standard for 
over 90 contaminants.  The primary standards include microbes, radionuclides, 
inorganics, volatile organics, synthetic organics, disinfectants, disinfection byproducts, 
and MTBE. 

 A National Secondary Drinking Water Regulation (NSDWR or secondary standard) is a 
non-enforceable guideline regarding contaminants that may cause cosmetic effects (such 
as skin or tooth discoloration) or aesthetic effects (such as taste, odor, or color) in 
drinking water. EPA recommends secondary standards to water systems but does not 
require systems to comply. However, states may choose to adopt these as enforceable 
standards. New Mexico does not enforce secondary standards. Approximately 15 
contaminants are on the EPA secondary standards list. 

Many of the primary standards are discussed in other related CDM technical memoranda.  
These include disinfectants and disinfection byproducts and microbes.  The laboratory results 
and evaluation presented in this memorandum include the radionuclides, inorganics, volatile 
organics, and synthetic organics.  A few of the secondary standards are discussed in this 
document.  Refer to the Regulatory Requirements Review and Evaluation Technical Memorandum 
for additional information on the specific regulations. 

A review of the source water quality for specific contaminants regulated with drinking water 
standards is important because high levels of regulated contaminants may require the 
construction of specific unit processes capable of removing the contaminant.    

Laboratory Results 
Sampling and laboratory analysis were conducted to determine the levels of synthetic organic 
contaminants, nitrates, selected metals, arsenic and radionuclides that may be present in the 
Rio Grande water during three testing periods.  Sampling and laboratory analyses were 
conducted during all three testing phases of the project: spring run-off, summer monsoon, 
and fall low flow periods.  Spring run-off water was sampled on May 21, 2003.  Flow in the 
Rio Grande, as measured at the Otowi was approximately 1,100 cubic feet per second (cfs).  
Summer monsoon testing was completed on August 8, 2003.  Flow in the Rio Grande was 
1,030 cfs.  Fall low flow testing was completed on October 28, 2003.  According to the Otowi 
Gage, the flow in the Rio Grande was 385 cfs.  Additionally, four Buckman groundwater wells 
and Booster Station 3 were tested for these contaminants during one period on October 28, 
2003.  The results of the laboratory samples taken from the five newer Buckman wells 
(9 through 13) after initial pumping are also presented.  Table 1 presents the laboratory results 
of the contaminant sampling of the Rio Grande for the three testing periods and the 
associated MCL.  Table 2 shows the contaminant data from the Buckman well and booster 
station sampling. 
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Table 1.  Laboratory Results for Rio Grande Samples 
Laboratory Results1  

Contaminant EPA MCL Spring Run-Off 
(5/21/03) 

Summer 
Monsoon (8/8/03) 

Fall Low Flow 
(10/28/03) 

Radionuclides 
Uranium 30 µg/L2 2.57 µg/L 1.31 µg/L 3.61 µg/L 

Radium-226 MCL for  
combined only 

0.184 pCi/L 0.866 pCi/L 0.054 pCi/L 

Radium-228 MCL for  
combined only 

0.926 pCi/L 0.770 pCi/L 1.06 pCi/L 

Combined Radium 
(226 and 228) 

5pCi/L 1.11 pCi/L 1.64 pCi/L 1.11 pCi/L 

Gross Alpha 15 pCi/L 5.22 pCi/L 3.18 pCi/L 4.18 pCi/L 

Gross Beta 2 7.14 pCi/L 3.91 pCi/L 5.17 pCi/L 

Inorganics 
Arsenic 10 µg/L3 <2.0 µg/L <2.5 µg/L <2.5 µg/L 

Fluoride 4 mg/L 0.4 mg/L NM NM 

Lead 15 µg/L4 <1.0 µg/L 1.8 µg/L <1.2 µg/L 

Nitrate 10 mg/L <0.1 mg/L 9.4 mg/L <0.1 mg/L 

Nitrite 1 mg/L 0.01 mg/L <0.01 mg/L 0.01 

Keljdahl Nitrogen NR NM NM < 1.0 mg/L 

Other Contaminants 
Turbidity 1 NTU5 40 NTU 59 NTU 25 NTU 

Secondary or General Water Quality Parameters (Unregulated) 
Aluminum  50 – 200 µg/L6 20 µg/L 2500 µg/L 930 µg/L 

Bromide NR 0.03 mg/L NM NM 

Chloride 250 mg/L6 6.3 mg/L 3.5 mg/L 7.4 mg/L 

Color 15 pt Co units6 20 pt Co units 20 pt Co units 10 pt Co units 

Copper 1000 µg/L6 1.4 µg/L 3.9 µg/L 3.9 µg/L 

Iron 0.3 mg/L6 0.03 mg/L 2.2 mg/L 0.64 mg/L 

Magnesium NR 6.3 mg/L 7.4 mg/L 8.3 mg/L 

Manganese 50 µg/L6 15 µg/L 57 µg/L 30 µg/L 

Odor 3 TON6 <1.0 TON <1.0 TON <1.0 TON 

pH NR 6.5 8.3 8.9 

Potassium NR 2.5 mg/L 3.1 mg/L 3.1 mg/L 

Specific Conductance NR 190 uS/cm 250 uS/cm 240 uS/cm 

Sodium NR 17 mg/L 13 mg/L 24 mg/L 

Sulfate 250 mg/L6 43 mg/L 47 mg/L 62 mg/L 

Suspended Solids 500 mg/L6 97 mg/L 38 mg/L 35 mg/L 
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Table 1.  Laboratory Results for Rio Grande Samples 
Laboratory Results1  

Contaminant EPA MCL Spring Run-Off 
(5/21/03) 

Summer 
Monsoon (8/8/03) 

Fall Low Flow 
(10/28/03) 

Temperature NR 64 deg F 73 deg F 52 deg F 

Total Dissolved Solids 
(TDS) 

500 mg/L6 190 mg/L  220 mg/L 260 mg/L 

Total Hardness NR 130 mg/L 120 mg/L 140 mg/L 

Synthetic Organics 
Alachlor (Lasso) 2 µg/L <0.1 µg/L NM NM 

Aldrin NR <0.1 µg/L NM NM 

Atrazine 3 µg/L <0.1 µg/L NM NM 

Benzo(a)pyrene 0.2 µg/L <0.02 µg/L NM NM 

Butachlor NR <0.1 µg/L NM NM 

Dieldrin NR <0.1 µg/L NM NM 

Di(2-ethylhexyl)adipate 400 µg/L <0.6 µg/L NM NM 

Di(2-ethylhexyl)phthalate 6 µg/L <0.6 µg/L NM NM 

Endrin 2 µg/L <0.01 µg/L NM NM 

Heptachlor 0.4 µg/L <0.04 µg/L NM NM 

Heptachlor epoxide 0.2 µg/L <0.02 µg/L NM NM 

Hexachlorobenzene 1 µg/L <0.1 µg/L NM NM 

Hexachlorocyclopentadiene 50 µg/L  <0.1 µg/L NM NM 

Lindane (gamma-BHC) 0.2 µg/L <0.02 µg/L NM NM 

Methoxychlor 40 µg/L <0.1 ug/L NM NM 

Metolachlor (Dual) NR <0.1 µg/L NM NM 

Metribuzin (Sencor) NR <0.1 µg/L NM NM 

Propachlor NR <0.1 µg/L NM NM 

Simazine 4 µg/L <0.07 µg/L NM NM 
1Results indicated as <x are the laboratory detection limit of the analysis. 
2Effective December 2003.  Gross Beta regulated as beta and photon emitters with MCL of  4 mrem per year. 
3Arsenic MCL of 10 µg/L effective January 2006. 
4An Action Limit (AL) of 15 µg/L has been established for lead. 
5Filtered water turbidity cannot exceed 1.0 NTU ever with 95% of filtered effluent readings <0.3 NTU as regulated under the Interim 

Enhanced Surface Water Treatment Rule. 
6Secondary Maximum Contaminant Level (SMCL). 
NOTE - pH, specific conductance, and temperature all measured with field instrument at collection. 
NR - not currently regulated. 
NM - not measured. 
 Contaminants approach MCL or other standard. 
 Contaminants exceed MCL or other standard. 
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Table 2.  Laboratory Results for Buckman Well Samples and Booster Station 3  
Sample Location and Date 

Contaminant EPA MCL Well 2 
(10/28/03) 

Well 6 
(10/28/03) 

Well 7 
(10/28/03) 

Well 8 
(10/28/03) 

Well 9  
(4/22/03 or 

12/2/02) 
Well 10 

(9/21/03)1 
Well 11 

(7/19/03)1 
Well 12 
(7/6/03)1  

Well 13 
(9/14/03)1 

BS 3 
(10/28/03) 

Radionuclides 
Uranium 30 µg/L2 27.9 µg/L 3.98 µg/L 5.77 µg/L 15.6 µg/L 10 µg/L 8 µg/L <100 µg/L <100 µg/L 8 µg/L 6.9 µg/L 
Radium-226 MCL for 

combined only 
0.257 pCi/L 0.212 pCi/L 0.556 pCi/L 0.327 pCi/L ND5 0.5 pCi/L <0.2 pCi/L <0.2 pCi/L 0.2 pCi/L 0.36 pCi/L 

Radium-228 MCL for 
combined only 

0.572 pCi/L 1.33 pCi/L 1.25 pCi/L 0.771 pCi/L ND5 <1.0 pCi/L <1.0 pCi/L <1.0 pCi/L <1.0 pCi/L 0.772 pCi/L 

Combined 
Radium (226 
and 228) 

5pCi/L 0.83 pCi/L 1.54 pCi/L 1.81 pCi/L 1.10 pCi/L ND5 <1.5 pCi/L <1.2 pCi/L <1.2 pCi/L <1.2 pCi/L 1.132 pCi/L 

Gross Alpha 15 pCi/L 15.3 pCi/L 4.89 pCi/L 5.34 pCi/L 9.78 pCi/L 1.7 pCi/L5 8.9 pCi/L 4.1 pCi/L 4.7 pCi/L 5.7 pCi/L 7.54 pCi/L 
Gross Beta 2 1.43 pCi/L 2.75 pCi/L 5.89 pCi/L 2.36 pCi/L ND5 7.6 pCi/L 11.8 pCi/L <2.0 pCi/L 3.9 pCi/L 1.63 pCi/L 

Inorganics 
Arsenic 10 µg/L3 12 µg/L 4.4 µg/L 3.7 µg/L 7.5 µg/L 16 µg/L 4 µg/L 11 µg/L 18 µg/L 16 µg/L 14 µg/L 
Fluoride 4 mg/L NM NM NM NM 0.72 mg/L 0.61 mg/L 0.92 mg/L 0.54 mg/L 0.47 mg/L NM 
Nitrate 10 mg/L 1.4 mg/L 2.0 mg/L 1.4 mg/L 0.7 mg/L 1.6 mg/L 1.1 mg/L 1.5 mg/L 1.5 mg/L 0.74 mg/L 1.3 mg/L 
Nitrite 1 mg/L <0.01 mg/L <0.01 mg/L <0.01 mg/L <0.01 mg/L 0.14 mg/L <0.1 mg/L NM <0.1 mg/L <0.1 mg/L <0.01 mg/L 

Secondary or General Water Quality Parameters (unregulated) 
Alkalinity, 
Total 

NR NM NM NM NM 340 mg/L 260 mg/L 180 mg/L 130 mg/L 140 mg/L 210 mg/L 

Aluminum  50 – 200 µg/L4 2.7 µg/L 2.0 µg/L 9.9 µg/L <2.0 µg/L <20 µg/L 6 µg/L <20 µg/L <20 µg/L 14 µg/L 18 µg/L 
Calcium NR NM NM NM NM 17 mg/L NM NM NM NM 27 mg/L 
Chloride 250 mg/L4 NM NM NM NM 8.1 mg/L 7.8 mg/L 5.8 mg/L 4.5 mg/L 5.4 mg/L 4.6 mg/L 
Copper 1000 µg/L4 NM NM NM NM <6 µg/L 2 µg/L <6 µg/L <6 µg/L 2 µg/L NM 
Iron 0.3 mg/L4 0.02 mg/L 0.05 mg/L <0.02 mg/L <0.02 mg/L <0.02 mg/L 0.107 mg/L 0.031 mg/L <0.005 

mg/L 
<0.03 mg/L <0.02 mg/L 
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Table 2.  Laboratory Results for Buckman Well Samples and Booster Station 3  
Sample Location and Date 

Contaminant EPA MCL Well 2 
(10/28/03) 

Well 6 
(10/28/03) 

Well 7 
(10/28/03) 

Well 8 
(10/28/03) 

Well 9  
(4/22/03 or 

12/2/02) 
Well 10 

(9/21/03)1 
Well 11 

(7/19/03)1 
Well 12 
(7/6/03)1  

Well 13 
(9/14/03)1 

BS 3 
(10/28/03) 

Magnesium NR NM NM NM NM 2.0 mg/L 6.4 mg/L 2.4 mg/L 1.1 mg/L <1 mg/L NM 
Manganese 50 µg/L4 <2.0 µg/L <2.0 µg/L 50 µg/L <2.0 µg/L 5.7 µg/L 13 µg/L 16 µg/L 9 µg/L 12 µg/L 2.5 µg/L 
pH 6-9 8.8 8.8 8.5 8.8 8.14 7.59 7.88 8.21 8.09 7.4 
Potassium NR NM NM NM NM 3.3 mg/L 4.3 mg/L 2.1 mg/L 1.7 mg/L 1.7  mg/L NM 
Sodium NR NM NM NM NM 100 mg/L 72.7 mg/L 68 mg/L 57 mg/L 47.3 mg/L NM 
Specific 
Conductance 

NR 430 uS/cm 320 uS/cm 410 uS/cm 240 uS/cm 640 
umhos/cm 

480 
umhos/cm 

380 
umhos/cm  

280 
umhos/cm 

300 
umhos/cm 

390 uS/cm 

Sulfate 250 mg/L4 NM NM NM NM 29 mg/L 27 mg/L 29 mg/L 26 mg/L 27 mg/L 23 mg/L 
Temperature NR 71 deg F 73 deg F 77 deg F 79 deg F 71 deg F NM NM NM NM 78 deg F 
Total 
Dissolved 
Solids (TDS) 

500 mg/L4 NM NM NM NM 440 mg/L 340 mg/L 270 mg/L 200 mg/L 190 mg/L 290 mg/L 

Total 
Hardness 

NR NM NM NM NM 55.8 mg/L 125 mg/L 68 mg/L 45 mg/L NM NM 

1Analysis based on sampling during initial well testing.  Results may vary after a significant duration of pumping. 
2Effective December 2003.  Gross Beta regulated as beta & photon emitters with MCL of  4 mrem per year 
3Arsenic MCL of 10 µg/L effective January 2006. 
4Secondary Maximum Contaminant Level (SMCL). 
5Samples taken on December 2, 2002 that were analyzed for total metals (not dissolved as with other testing). 
NR - not currently regulated. 
NM - not measured. 
 Contaminants close to MCL or other standard. 
 Contaminants exceed MCL or other standard. 



 
MRC WTP Water Quality Studies and Evaluation Project 
Contaminants Study 
March 18, 2005 
Page 7 

W:\1257 Santa Fe\32934 water qual test\appendices\contaminants study.doc 3/18/05 brs 

Discussion of Results 
Rio Grande Surface Water 
From Table 1, it can be seen that the following parameters approach or exceed recommended 
or regulated standards for Buckman Direct Diversion source water: nitrate, turbidity, 
aluminum, color, iron, and manganese.  Comparison of the data with the historical water 
quality data collected at the Otowi gaging station was completed in an effort to validate the 
analytical results of the three testing periods.  This comparison information is presented in 
Table 3. 

There is limited nitrate specific data from the Otowi gaging station and the data that do exist 
suggest that nitrate levels have always been low (<1 mg/L).  Assuming the high nitrate 
concentration (9.4 mg/L) is not a result of sampling or analytical error, the potential for 
occasional occurrences of increased nitrate concentrations must be considered.  Wastewater 
treatment plants do operate upstream (two are Los Alamos and Española) of the proposed 
diversion location.   Additionally, farming and cattle grazing occur in the river valley area 
upstream.  Any of these activities may be a source of the nitrate. 

The elevated aluminum concentrations seen during the second and third round of testing are 
high in comparison with the historical average and range.  In fact, the 2,500 µg/L measured in 
the second round is higher than ever recorded at Otowi.  The Otowi data suggests that 
aluminum does increase and peak during the summer months coinciding with the normal 
monsoon periods.  Research also indicates that higher aluminum concentrations often can be 
attributed to increased soil loading in the water throughout the western United States.  This 
same phenomenon may also explain the increased iron and manganese levels as they increase 
at the same time aluminum increases.  These three metals are secondary standards and not 
enforceable.  

Table 3. Comparison of analytical data with historical range and average Otowi gaging station data

Contaminant 
MCL or 

Secondary 
Standard 

Testing Range Historical Range at 
Otowi 

Historical Average at 
Otowi 

Nitrate 10 mg/L <0.1 – 9.4 mg/L NA NA 
Turbidity 0.3 NTU (95% of 

samples) 
10 – 20 NTU 0.2 – 480 NTU 46.7 NTU 

Aluminum 50 – 200 µg/L1 20 – 2,500 µg/L <2 – 1,900 µg/L 46.4 µg/L 
Color 15 pt Co units1 10 -20 pt Co units NA NA 
Iron 0.3 mg/L1 0.03 – 2.2 mg/L <0.001 – 13 mg/L 0.057 mg/L 
Manganese 50 µg/L1 15 – 57 µg/L <1 – 180 µg/L 10.3 µg/L 
Fluoride 4 mg/L 0.4 (one sample 

only) 
<0.1 – 1.3 mg/L 0.4 mg/L 

Synthetic 
Organics 

Varies All below 
detection limits 

(one sample only) 

All below detection limits All below detection limits 

1Secondary standard 
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Turbidity fluctuates greatly during the year at Buckman and has been measured as high as 
480 NTU.   The changing turbidity will impact the applied chemical doses and resulting 
residual quantities at the treatment plant.  Color also fluctuates throughout the year. 

The synthetic organic compounds (SOCs) were only tested and analyzed during the first 
round of sampling.  None of the 19 constituents were detected.  The historical Otowi gaging 
station data confirm that the SOCs are not a concern in the Rio Grande source water.  
Therefore, additional testing was not performed during the second and third testing rounds.  
Similarly, samples for fluoride were not analyzed during the second and third rounds as the 
existing data confirmed fluoride was not a constituent of concern. 

The analyses and historic data indicate that only a few constituents are present above 
drinking water standards in the raw water at the proposed point of diversion and treatment 
of these constituents needs to be the goal of the new treatment plant. 

Buckman Wells 
There are two contaminants of concern in the Buckman Well Field.  Arsenic and radionuclides 
(mainly uranium).   The data shown in Table 2 indicate that Wells 2, 9, 11, 12, and 13 all 
exceed the upcoming lowered arsenic standard of 10 µg/L.  It should be noted that the 
standard is based upon a total arsenic concentration whereas the data shown for each well is 
based upon the dissolved arsenic concentration so the concentration at each well may actually 
be higher than shown.  Additionally, the data collected for Wells 9 through 13 is based upon 
samples collected after development of the well and may not be reflective of the actual 
characteristics of the well after they are in regular use.  Regardless, it is likely that at least 
some of the wells will exceed the MCL for arsenic. 

For radionuclides, Well 2 is known to have fluctuating uranium concentrations, most often 
exceeding the 30 µg/L MCL.  During the sampling event for this project, the uranium 
concentration was slightly less than the MCL (27.0 µg/L).  The gross alpha activity of Well 2 
also exceeds the MCL.   Unfortunately, the uranium concentrations of Wells 11 and 12 are not 
known as the analytical testing was performed with a detection limit of 100 µg/L, 
significantly higher than the MCL.  Therefore, uranium was noted as a potential issue in these 
two wells until additional sampling is completed. 

The data shown in Table 2 does not include all Buckman wells.  However, there is the 
potential that depending upon the management and operation of the well field, dilution will 
be sufficient to address the contaminant concentration concerns.  A thorough review of the 
radionuclides concerns at Well 2 is being performed under a separate study. 
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Technical Memorandum 
 
MRC WTP Water Quality Studies and Evaluations Project 
Organics and TOC Evaluation 
March 18, 2005 

 
Summary 
Purpose 
The purpose of this study is to evaluate water quality data to determine the requirements for 
Total Organic Carbon (TOC) removal at the proposed water treatment plant.   

Conclusions 
Based upon the sampling data and the existing USGS Otowi water quality data, the TOC 
removal requirements may change monthly and could be as low as 0 percent and as high as 
40 percent.  Based upon the historical averages (1990 to 2002), the removal requirements will 
likely average 25 percent in the winter months (December and January) and 35 percent for the 
rest of the year.  Additional information regarding the regulatory requirements can be found 
in the CDM technical memorandum titled MRC WTP Water Quality Studies and Evaluation 
Project Regulatory Requirements Review.     

Background 
The Stage 1 Disinfectants/Disinfection By-Products Rule (DBPR) was published by the EPA 
in December 1998.  It lowered the threshold for TOC, established Maximum Contaminant 
Levels (MCLs) and MCLevel Goals (MCLGs) and for disinfection by-products (DBPs), and set 
maximum residual disinfectant levels (MRDLs) for disinfectants.   The goal of the State 1 
DBPR is to protect against health risks associated with certain DBPs.  In an effort to control 
DBPs, additional steps may need to be taken to further reduce the amount of TOC through 
the use of enhanced coagulation or enhanced softening.  The regulation sets a minimum 
percent of TOC removal based upon the source water TOC content and alkalinity.  Systems 
must meet TOC removal requirements unless they meet any of the exception criteria 
including an annual source water TOC of less than 2.0 mg/l.   Additional information on the 
Stage 1 DBPR is included in CDM’s Regulatory Requirements Review Technical Memorandum.  
Table 1 presents the required removal percentage of TOC based on the source water TOC and 
alkalinity. 

Table 1. TOC Removal Requirements Under the Stage 1 DPBR 
Source Water Alkalinity (as mg/L CaCO3) Source Water TOC 0 - 60 mg/L >60 - 120 mg/L >120 mg/L 

>2.0 - 4.0 mg/L 35 % 25 % 15 % 
>4.0 - 8.0 mg/L 45 % 35 % 25 % 
>8.0 mg/L 50 % 40 % 30 % 
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Laboratory analysis of the source water throughout the three different testing periods will be 
useful in predicting the range in source water TOC and alkalinity and the resulting TOC 
removal that will be required during plant operation.  While measurement of source water 
TOC and alkalinity is being conducted during this testing, alternate compliance means are 
also being monitored.  Specific Ultraviolet Absorption (SUVA) at 254 nanometers (nm) is an 
indicator of the humic content of water. It is a calculated parameter obtained by dividing a 
sample's ultraviolet absorption at a wavelength of 254 nm (UV254) (in m-1) by its 
concentration of dissolved organic carbon (DOC) (in mg/L).  UV254 is the total amount of 
light, at a frequency of 254 nm absorbed by dissolved and undissolved components within 
the sample.  The SUVA represents the fraction of TOC that is humic and can be readily 
coagulated, the remaining fraction of TOC left is primarily non-humic (not water soluble) and 
is not readily coagulated.  Under alternative compliance methods for Stage 1 DBPR, source or 
treated water SUVA of 2.0 L/mg-m or less is in compliance. 

Laboratory Results 
Sampling and laboratory analyses were conducted during all three testing phases of the 
project: spring run-off, summer monsoon, and fall low flow periods.  Spring run-off water 
was sampled on May 21, 2003.  Flow in the Rio Grande, as measured at the Otowi gage was 
approximately 1,100 cubic feet per second (cfs).  Summer monsoon testing was completed on 
August 8, 2003.  Flow in the Rio Grande was 1,030 cfs.  Fall low flow testing was completed 
on October 28, 2003.  According to the Otowi gage, the flow in the Rio Grande was 385 cfs.  
Table 2 presents the results of the laboratory analyses of the selected compounds.   

Bench scale testing of the Rio Grande water was conducted during each of the three testing 
periods.  During the third testing period, settled water from jars where optimized chemical 
doses were added, was collected for each of the three primary coagulants being tested.  The 
settled water was then filtered through 0.45 micron filter and analyzed for TOC.  The TOC 
results from this testing was considered to be representative of finished water quality and 

Table 2.  Laboratory Results of Rio Grande Samples  
Testing Period 

Constituent Spring Run-Off 
(5/21/03) 

Summer Monsoon 
(8/8/03) 

Fall Low Flow 
(10/28/03) 

TOC 5.6 mg/L 3.2 mg/L 2.4 mg/L 
Dissolved Organic Carbon (DOC) 3.8 mg/L 3.6 mg/L 2.1 mg/L 
Total Alkalinity 100 mg/L 69 mg/L 130 mg/L 
UV 254 (unfiltered) 0.124 cm-1 

12.4 m-1 
0.149 cm-1 

14.9 m-1 
0.072 cm-1       

7.2 m-1 
UV 254 (filtered) NM 0.103 cm-1 

10.3 m-1 
0.065 cm-1           

6.5 m-1 
SUVA (unfiltered) 3.3 L/mg-m 4.1 L/mg-m 3.4 L/mg-m 
SUVA (filtered) NC 2.9 L/mg-m 3.1 L/mg-m 
NM - Not measured 
NC - Not calculated 
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thus useful in confirming if TOC removal requirements were met.   During the second round, 
a TOC sample was collected from settled water with each coagulant.  Although this sample 
was not filtered (as in the third round) the raw water consisted mainly of DOC and therefore 
filtering probably would not have resulted in a significant TOC reduction.  Table 3 presents 
the TOC concentration for each coagulant and the chemical doses.   
 

Table 3.  Settled and Filtered Water TOC Concentrations 
Second Round – Raw TOC = 3.2 – 3.6 mg/L Third Round– Raw TOC = 2.4 mg/L 

Settled Water Filtered Water 
Optimum Chemical Doses Measured 

TOC 
% 

Removed 
Optimum Chemical Doses Measured 

TOC 
% 

Removed 
Potassium permanganate – 1.0 mg/L 
Ferric chloride – 23 mg/L 
Cationic polymer Nalco 8105 – 1.5 mg/L 
Non-ionic polymer Nalco 8181 – 0.5 mg/L 

2.5 mg/L 21.9-30.6 Potassium permanganate – 0.5 mg/L 
Ferric chloride – 7 mg/L 
Cationic polymer C-358 – 2.0 mg/L 
Non-ionic polymer Nalco 8181 – 0.5 mg/L 

2.2 mg/L 8.3 

Potassium permanganate – 1.0 mg/L 
Alum – 27 mg/L 
Cationic polymer C-358 – 1.5 mg/L 
Non-ionic polymer Nalco 8181 – 0.5 mg/L 

2.9 mg/L 9.4-19.4 Potassium permanganate – 0.5 mg/L 
Ferric chloride – 4 mg/L 
Cationic polymer C-358 – 2.0 mg/L 
Non-ionic polymer Nalco 8181 – 0.5 mg/L 

2.4 mg/L 0 

Potassium permanganate – 1.0 mg/L 
Polyaluminum Chloride (PAX 18) – 4 mg/L 
Cationic polymer Nalco 8105 – 0.5 mg/L 
Non-ionic polymer Nalco 8181 – 0.5 mg/L 

2.7 mg/L 15.6-25.0 Potassium permanganate – 0.5 mg/L 
Alum – 17 mg/L 
Cationic polymer C-358 – 1.5 mg/L 
Non-ionic polymer Nalco 8181 – 0.5 mg/L 

2.0 mg/L 16.7 

   Potassium permanganate – 0.5 mg/L 
Alum – 14 mg/L 
Cationic polymer C-358 – 1.5 mg/L 
Non-ionic polymer Nalco 8181 – 0.5 mg/L 

1.9 mg/L 26.3 

  
 

 Potassium permanganate – 0.65 mg/L 
Polyaluminum Chloride (PAX 18) – 3 mg/L 
Cationic polymer C-358 – 1.5 mg/L 
Non-ionic polymer Nalco 8181 – 0.5 mg/L 

1.9 mg/L 26.3 

 
Discussion of Results 
Demonstration of compliance for removal of TOC will be based upon quarterly reporting of 
the average of the monthly removal percentages that are divided by the month’s required 
removal percentage.   For example, if alkalinity is 65 mg/L, raw TOC is 4 mg/L and treated 
water TOC is 2 mg/L the following results are obtained:  50 percent removal achieved; 25 
percent removal required (see Table 1); and monthly TOC value is 2.0 (50% removal 
achieved/25% removal required). 

The quarterly average of the three months must be 1.0 or greater to demonstrate compliance.  
The compliance demonstration methodology is different if an alternative compliance criterion 
is used, such as SUVA removal.  

For this study, the data collected does not allow for calculation of an average TOC removal by 
quarter.  The data collected will be considered as a monthly collection point to determine the 
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range of removal requirements and the ability to comply with the tested chemical doses.  
Table 4 presents the alkalinity and TOC data, the removal requirements, and removal 
percentages that were achieved. 

As seen in Table 4, the DOC concentration was reported higher than the TOC concentration 
during the second round of testing.  While the DOC and TOC values reported during the 
second round of testing may not be accurate, they are within acceptable laboratory error 
limits.  Depending upon the correct TOC concentration for the second round data, the 
removal requirements were achieved in both the second and third rounds.   Finished water 
TOC samples were not collected during the first round of testing, the round where raw water 
quality dictated the highest removal requirements.  During the first round, the non-dissolved 
organic fraction was a significant portion of the TOC, unlike the other two rounds where it 
was nearly all dissolved. However, the non-dissolved fraction of TOC is easy to remove via 
coagulation/flocculation and filtration. It is possible that the removal requirements during 
the first round of testing could be met if a large portion of the non-dissolved TOC is removed 
in combination with a small percentage of the DOC.   

Because SUVA is indicative of how much of the organic material can be coagulated with 
metal salts (aluminum or iron), it is a good indicator of the ease of TOC removal through 
conventional coagulation.  SUVA and DOC were fairly consistent throughout the three 
rounds of testing and SUVA ranged from 3.3 to 4.1 L/mg-m.  Typically, SUVA values greater 
than 3.0 to 4.0 indicate that TOC consists of a larger percentage of humic materials and thus 
easier to coagulate.  This may mean the TOC in the Rio Grande can be readily coagulated.   

A better prediction of the monthly TOC removal requirement may be made from the water 
quality data collected from the Otowi Gaging Station, a USGS gaging station located just a 
few miles upstream of the proposed Buckman diversion location.   Water quality samples for  
a large number of parameters have been collected at this location since 1990.  The latest data 
available is September 2002.   The Otowi data for the period of 1990 to 2002 was compiled and 

Table 4.  TOC Removal Requirements and Percentages Achieved from Tested Rio Grande  
                Samples 

Parameter First Round Second Round Third Round 
Alkalinity 100 mg/L 69 mg/L 130 mg/L 
Raw TOC 5.6 mg/L 3.2 – 3.6 mg/L3) 2.4 mg/L 

Treated TOC1 NM 
2.5 mg/L  

(23 mg/L ferric chloride) 
1.9 mg/L 

(14 mg/L alum) 
Removal % Requirement2 35 % 25 % 15 % 
Removal % Achieved NM 21.9 – 30.6 % 20.8 % 
Reported Monthly TOC Value (average 
of 1.0 of greater in compliance) NM 0.9 – 1.2 1.4 
1Lowest TOC presented in Table 3 for ferric chloride or alum is shown here. 
2Refer to Table 1 for removal requirements. 
3DOC reported higher than TOC but within acceptable error limits.  TOC reported as 3.2, DOC was 3.6 mg/L. 
NM – Not measured 
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statistically analyzed to determine the average TOC and alkalinity concentrations by month.  
Additionally, the 95% confidence interval was determined for the data and some outliers 
were removed from the analysis.  The remaining range of both TOC and alkalinity was then 
compiled.  Based upon the average and range of both parameters, an average and range of the 
required removal percentages was computed.  Table 5 presents the data. 

 
Based upon the historical Otowi data shown in Table 5, the average removal requirements 
will be 25 percent in the winter (December and January) and will be 35 percent for the rest of 
the year.  However, the removal requirements could be as high as 40 percent during February 
through September.  Alternately, the removal requirements could be significantly lower (0 to 
15 percent) in some months as shown in the Table, which was the case during the third round 
of testing.  The removal requirements throughout the year and the average TOC and 
alkalinity concentrations are graphically depicted in Figure 1. 

Table 5.  TOC Removal Requirements by Month Based upon Historical Otowi Data 

Month 
Average 

TOC 
mg/L 

TOC 
Range  
mg/L 

Average 
Alkalinity 

mg/L 

Alkalinity 
Range 
mg/L 

Average  
TOC Removal 

Requirement % 

TOC Removal 
Requirement 

Range % 
Jan 2.8 1.8-4.6 112 100-128 25 0-35 

Feb 4.5 2.4-8.9 104 99-109 35 25-40 

Mar 5.3 2.6-8.9 99 86-110 35 25-40 

Apr 5.3 4.4-6.9 95 74-109 35 35 

May 6.8 4.2-9.4 83 67-107 35 35-40 

June 5.1 3.8-7.4 83 62-99 35 25-40 

July 5.5 3.6-7.3 100 93-104 35 25-35 

Aug 5.4 1.1-9.6 97 75-123 35 0-40 

Sept 5.2 3.3-9.4 104 86-122 35 15-40 

Oct 4.7 2.4-4.7 108 95-118 35 25-35 

Nov 4.6 3.3-7.2 118 100-139 35 15-35 

Dec 3.0 2.1-3.8 115 108-120 25 25 
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Based upon 1990-2002 USGS Otowi Water Quality Data 
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Technical Memorandum 
 
MRC WTP Water Quality Studies and Evaluations Project 
Chemical Dose and Optimization Evaluation 
March 18, 2005 

 
Summary 
Purpose 
A chemical dose and optimization evaluation was conducted to select efficient chemicals and 
determine optimum chemical doses to treat water in a conventional water treatment plant 
from the Rio Grande under various conditions throughout the year.  Specific design criteria 
such as dosing order, mixing energy, and pH adjustment was also evaluated.  The data will 
be utilized for design of the Municipal Recreation Complex (MRC) Water Treatment Plant 
(WTP) planned as part of the Buckman Direct Diversion Project.  Additional testing and 
evaluation may be needed to further define criteria. 

Conclusions 
The following chemical dosing and design optimization conclusions have been developed 
based upon the data presented herein. 

 All three coagulants (alum, ferric and PACl) performed well during all or some of the 
testing rounds, though doses of chemicals changed dramatically throughout the year. 

 Addition of coagulant aid and flocculant aid polymers improved the settled water 
quality. 

 Dosing the coagulant aid polymer after the coagulant is more effective.  Delaying the 
addition of the flocculant aid polymer one to two minutes after coagulation improved 
floc size and settling rate. 

 The use of a pre-oxidant was effective in improving floc size in combination with ferric 
chloride.  

 A lower alum dose may be satisfactory in achieving similar settled water quality than a 
higher dose, once optimized.  This could not be verified for the other two coagulants. 

 Tapered flocculation with a total mixing energy (Gt) of approximately 68,000 was more 
effective than constant speed flocculation with a total mixing energy (Gt) of 56,100. 

 A lowered pH may improve the performance of alum.  Additional jar testing to confirm 
the performance of enhanced coagulation is recommended. PACl and ferric chloride 
were not effective at a lower pH. 
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 The removal requirements that were dependent upon the measured TOC and alkalinity 
at the time of water collection were met by at least one coagulant. However, none of the 
coagulants were able to achieve the 35 to 40 percent removal percentage that may be 
required during some periods of the year. 

 The settling data collected confirmed a typical sedimentation loading rate of 0.5 to 1.0 
gpm/sf will be adequate. 

Memorandum Organization 
This memorandum outlines the bench-scale testing completed and the following items are 
presented. 

 Background – includes information on the testing purpose and the methodologies used 
for collection of the water, water preparation, laboratory analysis and jar testing. 

 Testing Results – presents the collected data and compares the results 

 Conclusions – Summarizes the findings presented under the testing results. 

Appendix A presents a list of nomenclature for the reader to refer to for definition of the 
commonly used terms within this memorandum. 

Background 
CDM was contracted to complete a water quality study and evaluation related to the 
conceptual design of the Municipal Recreation Complex (MRC) Water Treatment Plant (WTP) 
that will be constructed as part of the proposed Buckman Direct Diversion Project.  
Evaluating successful water treatment chemicals and optimal doses is one aspect of this 
study.  A bench-scale evaluation was completed with the use of jar testing apparatus and 
laboratory facilities at the City’s Canyon Road WTP.   

The MRC WTP will receive water from the Rio Grande.  Conceptual design of the MRC WTP 
indicates that a conventional treatment train will be one of the most effective methods of 
treating Rio Grande water.  Conventional treatment normally consists of the following unit 
processes:  

 Rapid Mix – high energy mixing to disperse chemicals added to the raw water to help 
promote or enhance coagulation 

 Coagulation – destabilization of the charge on colloids and solids, including bacteria 
and viruses with the use of a coagulant chemical 

 Flocculation – using gentle mixing to cause the destabilized colloids and solids to collide 
and agglomerate to form “floc” that is settleable and filterable   
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 Sedimentation – a quiescent phase where the floc particles settle to the bottom of the 
basin by gravity, or by other floc particle removal process, producing a clearer water for 
filtration 

 Filtration – particle removal by a granular media consisting of sand, anthracite, or 
activated carbon 

 Disinfection – application of a chemical or ultraviolet light to kill or inactivate 
microorganisms 

Bench scale testing, or jar testing, is a commonly used methodology to evaluate various 
design parameters for conventional treatment plants.  A six mixer system allows for side-by-
side comparison of treatment under the various simulated conditions.  The design parameters 
of concern during this evaluation were: 

 Comparison of effectiveness of three coagulant chemicals at varying doses; 

 Determination of importance of coagulant aid and flocculant aid polymers, as well as 
dosing order; 

 Comparison of two pre-oxidants at various doses; 

 Optimization of all chemical doses;  

 Effect of differing mixing conditions on treatment; 

 Impact of pH adjustment on coagulation and sedimentation processes;  

 Removal of organic carbon during coagulation/sedimentation; and 

 Measurement of settling rates of raw and treated water. 

Jar testing is instrumental in determining what chemicals are important for effective 
treatment.  Jar testing completed throughout the different seasons and changing water 
conditions is also helpful in developing the ultimate range of chemical feed doses used 
throughout the year and predicting chemical storage needs. Additionally, the raw water 
characteristics and selected chemical doses provide valuable design information for solids 
handling facilities. 

Methodologies 
Deliberate methodologies for water collection, water preparation, chemical stock preparation, 
jar testing, and analytical tests were followed throughout the test duration.   

Water Collection 
All water collected for jar testing was obtained from the Rio Grande at the proposed diversion 
structure location just south of the end of Buckman Road.  A location marker was previously 
installed within the river during preparation of visual simulation of the area after 
construction.  The marker is located approximately 10 to 15 feet from the shore.  Five-gallon 
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jugs and buckets were rinsed with river water and then filled with water from approximately 
two feet below the water surface to simulate the submerged diversion structure screens.  
Water temperature, pH, and conductivity were measured at the time of collection with a field 
meter and the parameters were recorded.  River flow at the time of collection was determined 
from the USGS database for the Rio Grande at Otowi Gaging Station available on the internet.  
The flow data was useful in assessing if the water was actually collected during the target 
periods of spring run-off, summer monsoon and fall low-flow by comparison with historical 
data for the gaging station.  After collection, the water was transported to the Canyon Road 
WTP where the jar testing was completed. 

Water Preparation 
Water diverted at the Rio Grande will receive preliminary treatment prior to reaching the 
plant.  The diversion structure itself will be equipped with low-velocity fish screens to 
minimize the potential of entrapment and endangerment of fish.  The screens will have 2 
millimeter (mm) openings thus material larger than 2-mm, such as twigs, leaves, and rocks 
will be prevented from entering the diversion structure.  Because significant grit and sand 
size material is expected in the diverted water, removal of particles larger than 0.3-mm is 
proposed to protect mechanical equipment between the river and the MRC WTP.  Lagoons or 
mechanical separators will be installed near the river to accommodate removal of the material 
in the range of 0.3 to 2-mm.  Two wire mesh stainless steel screens, one with 2-mm openings 
and the other with 0.3-mm openings were used to screen the collected water to simulate the 
water arriving at the MRC WTP.  Only screened water was used for jar testing.  The screened 
water was stored at the Canyon Road WTP in an area able to maintain the water at collection 
temperature.    

Chemical Stock Preparation 
In 1998, CDM prepared and presented a jar testing lesson plan to the staff at the Canyon Road 
WTP.  The lesson plan included specific procedures for chemical stock preparation, jar testing, 
documentation, and data interpretation.  The lesson plan included specific forms and data 
sheets for computing the quantities of raw and stock chemicals and water to add in 
preparation of stock solution and dosing of jars.  Also a data sheet for recording the jar testing 
parameters and observations was included in that lesson plan.  The procedures outlined in 
that lesson plan were followed during the testing outlined in this memorandum.   

Stock solutions of coagulants, polymers, and other chemicals were prepared for each testing 
round.  The stock preparations were prepared in concentrations of 0.2, 2, or 20 milligrams per 
milliliter (mg/ml).  This simplifies chemical dosing in jar tests because, with a 2 liter (L) jar, 1 
milliliter (ml) of solution yields a 0.1, 1, or 10 mg/L concentration, respectively.  Relative error 
is generated when only a small amount of chemical is diluted and the percentage of possible 
error is large when compared to the volume of chemical used.  For example, if only 1 to 2 ml 
of alum is used to make a stock solution, the relative error caused by the pipette may be 0.1 to 
0.2 ml, or 5 to 20 percent.  Relative error should consistently be less than 5 percent.  Relative 
error can be minimized by making dilutions using larger volumes such that an error of 1 to 
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2 ml is acceptable.  Therefore, to minimize error in dosing of the jars, the stock solutions were 
prepared in three steps.  The chemical and water volumes were calculated for each stock 
preparation as the first step.  Chemical data (specific weight and solution strength) was 
obtained from the manufacturer’s Material Safety Data Sheet (MSDS) for each chemical.  
Then, a 20 mg/ml solution was prepared for each chemical for the first stock.  The second 
stock was prepared as either a 0.2 or 2 mg/ml solution depending upon the ultimate dose.  
Chemicals fed at concentrations of 5 mg/L or greater (mainly the coagulant) were prepared as 
a 2 mg/ml stock so that at least 5 mls of stock would be added during testing.  Chemicals fed 
at lower concentrations (pre-oxidants and polymers) were mixed as a 0.2 mg/ml stock so that 
10 mls of solution would be added to a jar for a dose of 1 mg/L.   

Chemicals were obtained from various chemical manufacturers prior to testing.  However, 
aluminum sulfate and cationic polymer C-358 were obtained from Canyon Road WTP.  Clean 
syringes were used to transfer neat chemicals to the stock containers.  Volumetric flasks were 
filled with distilled water to prepare each stock solution.  Each stock solution was well mixed 
on a magnetic stirrer.  A second clean syringe was then used to transfer the appropriate 
volume of the first stock and combined with distilled water for the second stock.  The second 
stock was mixed on the magnetic stirrer.  All stock containers were labeled with contents, 
preparation date, and stock strength.   In all cases, the second stock solution was used to feed 
the appropriate chemical concentrations.  The stock solutions were remixed prior to their use.  
The second stock solution was replenished by mixing a new stock from the first stock as 
needed.   

Jar Testing Procedures 
Prior to performing jar testing during a given testing round, a preliminary testing protocol 
was developed for the testing round.  Each testing round had five or six separate objectives 
that were termed a “testing series.”  One to five jar tests were performed per test series to 
meet the objective of that test series.  Preparation of the preliminary testing protocol was 
necessary to predict the water collection volumes, chemical usage, and testing time 
requirements.  Each testing protocol was reviewed by a senior water quality specialist prior to 
testing. 

Three “beaker bars” were used to add the chemicals to all six testing jars at the same time.  
The beaker bars were constructed with six, 50-ml plastic beakers glued to a wooden bar with 
feet on either end.  The three bars were consistently used for the same chemical and for 
adding the pre-oxidant, the coagulant, and the coagulant aid polymer.  Syringes were used to 
add flocculant aid polymer to the jars because of the small amount needed and the high 
viscosity of the second stock solution.  These beaker bars were used for all three testing 
rounds and then given to Canyon Road WTP for their use at the conclusion of testing. 

Jar testing data sheets were prepared prior to commencing the jar test.  The concentration of 
each chemical in each jar was noted on the sheet and was based on the testing protocol and 
the results of previous test(s).  Standard jar testing procedures were utilized to evaluate the 



 
MRC WTP Water Quality Studies and Evaluations Project 
Chemical Dose and Optimization Evaluation 
March 18, 2005 
Page 6 

W:\1257 Santa Fe\32934 water qual test\appendices\chemical dose.doc 3/18/05 brs 

previously mentioned design parameters of concern.  Jar testing simulated rapid mix 
coagulant dispersion, staged flocculation, and sedimentation processes.  Selection of optimum 
chemical doses and conditions were based upon settled water turbidity, observations of floc 
size, floc formation speed, floc settling, and jar appearance.   

After completion of the data sheet in preparation for the test, the beaker bars’ cups were filled 
with the proper volume of chemicals.  The screened water was mixed and samples were 
collected to measure temperature, pH, and turbidity.  Once mixed, the six testing jars were 
filled with screened water.  The jar test apparatus was set up for the selected mixing 
conditions.  Initial mixing energies and times were selected based upon conceptual design 
criteria for rapid mixing and tapered flocculation.  A mixing energy chart versus mixer speed 
in revolutions per minute (rpm) was referenced for selecting the mixer rpm for the desired 
mixing energy at the specified temperature.  Prior to the start of the test, the mixers were 
turned on to re-suspend any settleables in jar.  Once rotation stopped in the jars, the test was 
started.  

At the start of a test, the jar test apparatus was turned on, the chemicals were added in the 
noted order and the starting time of the test was noted.  The elapsed time when floc slightly 
larger than pin size had formed was noted on the data sheet.  As the test progressed, the 
appearance of the jar and the floc was watched – a clearer jar with better formed floc was 
noted as more successful.  A clearer jar indicates more effective coagulation (particle 
destabilization) had occurred and that the colloids and solids were able to properly 
agglomerate to form floc.  A cloudy jar indicates that some of the solids did not coagulate or 
agglomerate and thus will carry through the sedimentation process onto the filters and may 
not be filterable.  A cloudy jar also can indicate the coagulant chemical was overdosed.  At the 
conclusion of flocculation, the rate of settling of the floc was measured during a two-minute 
period and recorded on the data sheet.  In more successful tests, it was not uncommon for the 
floc to nearly completely settle before the flocculation period ended and the mixers stopped.  
Samples were collected from the sample port on the side of the jar after the selected 
sedimentation period had ended.  For most tests, the sedimentation period was 15 minutes in 
length.  The samples were used for the various analytical tests during the three test rounds 
which included temperature, turbidity, pH, TOC, demand-decay and disinfection testing.  
The settled water was also tested for dissolved manganese after filtration during the third 
testing round.  Instruments in the Canyon Road WTP laboratory were used for the pH, 
temperature, and turbidity measurements of the screened and settled water.   

Analytical Test Procedures 
The main analytical instruments used for this project were laboratory turbidimeters and 
pH/temperature meters provided in the Canyon Road WTP laboratory.   The instrument 
calibration was verified daily and recalibrated as necessary throughout the testing duration.  
The measurement of pH and temperature was taken by inserting the probe directly into the 
raw water bucket or in the 2-L jars.  The probe was swirled in the sample until the reading 
stabilized and then the measurement was recorded.  The turbidity samples were collected 
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from the containers and a portion of the sample was used to rinse the turbidity vial and then 
the sample was added to the vial.  The samples were poured slowly onto the side of the vial 
in an effort to minimize air bubbles that could interfere with the measurement..  The vial was 
inserted into the instrument and the vial was indexed until the lowest reading was attained.  
Indexing the vial was recommended to minimize the influence of scratches and imperfections 
on the vial affecting the turbidity reading.  Continual problems with two separate instruments 
throughout the testing were encountered.  Thus, the actual turbidity values may not be 
reliable and therefore the relative trend and general jar appearance observations are 
important during data analysis.   

Samples collected for outside laboratory analysis were all collected in containers provided by 
the laboratory.  After collection, the samples were placed in a cooler with ice packs and 
chilled until delivered to the laboratory.  Chain of Custody forms were utilized for all outside 
laboratory analyses. 

Testing Results 
Raw Water 
Raw water quality was measured during the laboratory analysis for other tasks of this project.  
As anticipated, the raw water quality was significantly different during each round of 
sampling.  Table 1 presents the raw water quality during each testing round. 

Table 1.  Raw Water Quality  

Parameter First Round 
(5/21/2003) 

Second Round 
(8/8/2003) 

Third Round 
(10/28/2003) 

River Flow, cfs 1100 1030 385 
Total Dissolved Solids (TDS) 190 220 260 
TOC, mg/L 5.6 3.2-3.6 2.4 
Alkalinity, mg/L 100 69 130 
Turbidity, NTU 40 59 25 
Temperature, deg F 64 73 52 
pH 6.5 (8.0)1 8.3  (8.0)1 8.9 
Color, pt co units 20 20 10 
1The pH was measured with a different meter during collection than during testing.  While the field instrument indicated one pH 

(6.5 or 8.3), the laboratory pH meter indicated the raw water pH was near 8.0 during both rounds 
 
Flow and TOC both decreased each testing round with the highest values occurring during 
the spring run-off period and the lowest values occurring during low flow.  The raw water 
pH and total dissolved solids concentration increased each testing round.  Alkalinity 
decreased, then increased during the test period.   

The goal of the testing was to capture and test water from the various seasons and flow 
conditions in the river – snow pack run-off, summer monsoon, and fall low flow.  Figure 1 
compares the median daily streamflow based upon the historical data and the daily mean 
discharge as measured at the Otowi gaging station. 
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Based upon the historical data, the high flow occurs in May, the monsoon season is July to 
August and the low flow is September to October.  Figure 1 identifies the sampling dates on 
the chart and it appears that although the flow rates during the high flow and low flow 
periods were below normal, sampling did occur during the seasonal high flow and seasonal 
low flow period. The monsoon period sampling in August was at or near the historical flow 
for the time period.  Therefore, the sampling did meet the objectives of collecting water for 
testing the three mentioned periods. 

Summary of Tests Performed 
A total of 52 jar tests were completed throughout the three rounds of testing: 14 during the 
first round; 23 during the second round; and 15 during the third round.  As previously 
mentioned, each testing round comprised up to six series, with one to eight tests per series.  
Table 2 summarizes the tests that were performed during each round. 

 

May 21st 
Sample 

Collectio

August 8th 
Sample 

Collection

October 
28th Sample 
Collection 

Figure 1.  Historical and Actual Rio Grande Streamflow
Data Identifying Conditions During Sampling Periods
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Table 2.  Summary of Jar Tests by Testing Round and Series 
Series: Objective First Round Tests Second Round Tests Third Round Tests 
Series 1:  Wide Range 

Coagulant 
Doses 

1A: 10-60 mg/L alum 
1B: 10-60 mg/L ferric 
1C: 5-55 mg/L PACl (pH adjusted to 6.5) 

1A: 10-60 mg/L alum 
1B: 10-60 mg/L ferric 
1C: 5-55 mg/L PACl 

1A: 10-60 mg/L alum 
1B: 10-60 mg/L ferric 
1C: 5-25 mg/L PACl (2 types) 

Series 2:  Narrow Range 
Coagulant 
Doses 

2A: 25-45 mg/L alum 
2B: 20-50 mg/L ferric 
2C: 5-30 mg/L PACl (pH adjusted to 6.5) 

2A: 27-36 mg/L alum or 4-12 mg/L PACl 
2B: 18-42 mg/L ferric 
 

2A: 17-22 mg/L alum or 7-17 mg/L ferric 
2B: 3-12 mg/L PACl (2 types) 

Series 3:  Coagulant Aid 
and Flocculant 
Aid Polymer 
Doses 

3A: 30 mg/L alum + 0.5-3 mg/L Cat C-358 
3B: 35 mg/L ferric + 0.5-3 mg/L Cat C-358 
3C: 15 mg/L PACl + 0.5-3 mg/L Cat C-358 

(pH adjusted to 6.5) 
3D: 2 jars each coagulant with 1 mg/L Cat 

Nalco 8105 or Cat L 
3E: 30 mg/L alum + 2 mg/L Cat C-358 + 

0.1-0.5 Nalco 8181 or 35 mg/L ferric 
+ 1.5 mg/L Cat C-358 + 0.1-0.5 Nalco 
8181 

3A-1: 27 mg/L alum + 0.15-0.25 mg/L Cat C-358 or Nalco 8105 
3A-2: 27 mg/L alum + 1.5-2.5 mg/L Cat C-358 or Nalco 8105 
3B-1: 23 mg/L ferric + 0.1-0.2 mg/L Cat C-358 or Nalco 8105 
3B-2: 23 mg/L ferric +1-2 mg/L Cat C-358 or Nalco 8105 
3C-1: 4 mg/L PACl + 0.1-0.2 mg/L Cat C-358 or Nalco 8105 
3C-2: 4 mg/L PACl + 1-2 mg/L Cat C-358 or Nalco 8105 
3D: 27 mg/L alum + 1.5 mg/L Nalco 8105 + 0.25-1.0 Nalco 8181 

or 23 mg/L ferric + 1.5 mg/L Cat C-358 + 0.1-0.25 Nalco 
8181 

3E: 23 mg/L ferric + 1.5 mg/L Cat C-358 + 0.5 mg/L Nalco 8181 
or 4 mg/L PACl + 0.5 mg/L Cat C-358 + 0.1-0.5 Nalco 8181 

3A: 17 mg/L alum + 1-2 mg/L Cat C-358 or 
7 mg/L ferric _ 1-2 mg/L Cat C-358 

3B: 3 mg/L PACl (2 types) + 0.25-0.5 mg/L 
Cat C-358 

3C: 17 mg/L alum + 1.5 mg/L Cat C-358 + 
0.25=0.5 mg/L Nalco 8181 or 7 mg/L 
ferric + 2 mg/L Cat C-358 + 0.25-0.5 
mg/L Nalco 8181 or 3 mg/L PACl + 0.5 
mg/L Cat C-358 + 0.25-0.5 Nalco 8181 

Series 4:  Pre-Oxidant 
Doses 

4A: 30 mg/L alum + 2 mg/L Cat C-358 + 
0.5 mg/L Nalco 8105 + 0.5-1.5 mg/L 
potassium permanganate or 35 mg/L 
ferric + 1.5 mg/L Cat C-358 + 0.25 
mg/L Nalco 8105 + 0.5-1.5 mg/L 
potassium permanganate 

4B: 30 mg/L alum + 2 mg/L Cat C-358 + 
0.5 mg/L Nalco 8105 + 1-3 mg/L 
hypochlorite or 35 mg/L ferric + 1.5 
mg/L Cat C-358 + 0.25 mg/L Nalco 
8105 + 1-3 mg/L hypochlorite 

4A: 27 mg/L alum + 1.5 mg/L Nalco 8105 + 0.5 mg/L Nalco 8105 
+ 0-5 mg/L potassium permanganate 

4B: 27 mg/L alum + 1.5 mg/L Nalco 8105 + 0.5 mg/L Nalco 8105 
+ 0.75 mg/L potassium permanganate or 23 mg/L ferric + 
1.5 mg/L Cat C-358 + 0.5 mg/L Nalco 8181 + 0-0.75 mg/L 
potassium permanganate or 4 mg/L PACl + 0.5 mg/L Cat C-
358 + 0.5 mg/L Nalco 8181 + 0-0.75 mg/L potassium 
permanganate 

4C: 27 mg/L alum + 1.5 mg/L Nalco 8105 + 0.5 mg/L Nalco 8181 
+ 0-2 mg/L hypochlorite or 23 mg/L ferric + 1.5 mg/L Cat C-
358 + 0.5 mg/L Nalco 8181 + 0-1.5 mg/L hypochlorite 

4D: 23 mg/L ferric + 1.5 mg/L Cat C-358 + 0.5 mg/L Nalco 8181 
+ 2 mg/L hypochlorite or  4 mg/L PACl + 0.5 mg/L Cat C-358 
+ 0.5 mg/L Nalco 8181 + 1-2 mg/L hypochlorite 

4A: 17 mg/L alum + 1.5 mg/L Cat C-358 + 
0.5 mg/L Nalco 8181 + 0.3-1 mg/L 
potassium permanganate or 
hypochlorite 

4B: 7 mg/L ferric + 2 mg/L Cat C-358 + 0.5 
mg/L Nalco 8181 + 0.3-1 mg/L 
potassium permanganate or 
hypochlorite 

4C: 3 mg/L PACl + 0.5 mg/L Cat C-358 + 
0.5 mg/L Nalco 8181 + 0.3-1 mg/L 
potassium permanganate or 
hypochlorite 



 
MRC WTP Water Quality Studies and Evaluations Project 
Chemical Dose and Optimization Evaluation 
March 18, 2005 
Page 10 

W:\1257 Santa Fe\32934 water qual test\appendices\chemical dose.doc 3/18/05 brs 

Table 2.  Summary of Jar Tests by Testing Round and Series 
Series: Objective First Round Tests Second Round Tests Third Round Tests 
Series 5:  See test 

descriptions for 
objective 

Verification and Demand Decay and 
Disinfection Testing Sample 
Collection 

5A: 30 mg/L alum + 2 mg/L Nalco 8105 + 
0.5 mg/L Nalco 8181 + 1 mg/L 
potassium permanganate or 35 mg/L 
ferric + 1.5 mg/L Cat C-358 + 0.25 
mg/L Nalco 8181 + 1 mg/L potassium 
permanganate (multiple runs of ferric 
jars tests completed for sample 
collection) 

Fine Tuning Optimization 
5A: Lowered coagulant doses (alum, ferric and PACl) to 23, 18 

and 2.5 mg/L respectively 
5B: Adjusted pH to 7.0 prior to coagulant addition 
5C: Constant speed flocculation 
5D: Delayed flocculant aid polymer addition 

Fine Tuning Optimization 
5A: Lowered coagulant doses and 

confirmed need for pre-oxidant 

Series 6:  See test 
descriptions for 
objective 

None Comparison of sodium and potassium permanganates and 
verification of previous results 

6A: 27 mg/L alum + 1.5 mg/L Nalco 8105 + 0.5 mg/L Nalco 8105 
+ 1 mg/L potassium permanganate or 23 mg/L ferric + 1.5 
mg/L Cat C-358 + 0.5 mg/L Nalco 8105 + 1 mg/L potassium 
permanganate 

6B: 23 mg/L ferric + 1.5 mg/L Cat C-358 + 0.5 mg/L Nalco 8105 
+ 1 mg/L potassium permanganate or sodium 
permanganate or 4 mg/L PACl + 0.5 mg/L Cat C-358 + 0.5 
mg/L Nalco 8105 + 1 mg/L potassium permanganate 

Settling curve data collection, sample 
collection and verification of previous 
results 

6A: 4-7 mg/L ferric + 2 mg/L Cat C-358 + 
0.5 mg/L Nalco 8181 + 0.5-1 mg/L 
potassium permanganate 

6B: 14-17 mg/L alum + 1.5 mg/L Cat C-358 
+ 0.5 mg/L Nalco 8181 + 0.5 mg/L 
potassium permanganate or 3 mg/L 
PACl + 0.5 mg/L Cat C-358 + 0.5 mg/L 
Nalco 8181 + 0.65 mg/L potassium 
permanganate 

6C: 14-17 mg/L alum + 1.5 mg/L Cat C-358 
+ 0.5 mg/L Nalco 8181 + 0.5 mg/L 
potassium permanganate 
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Comparison of Effectiveness of Three Coagulant Chemicals at Varying Doses 
Three types of coagulants were evaluated during each round of testing: aluminum sulfate 
(alum); ferric chloride (ferric); and polyaluminum chloride (PACl).  The Canyon Road WTP 
supply of alum (received from DPC Chemical) was used.  Ferric chloride was obtained from 
KemIron Pacific.  Several types of PACl were obtained from Gulbrandsen Technologies and 
KemIron Pacific.  Two different PACl formulas were tested and are referred to as GC-850 
(Gulbrandsen) and PAX-18 (KemIron).  Table 3 presents the chemical information about the 
four coagulants.  

 
During the first round of testing, no PACl dose resulted in a good settled water turbidity 
(less than 1 nephelometric turbidity units (NTU)).  A dose of 5 mg/L produced a settled water 
turbidity of 1.6 NTU in Test 2C.  Settled water turbidity actually increased with the addition 
of the cationic coagulant aid polymer and non-ionic flocculant aid polymer.  Therefore, use of 
PACl was not continued past Series 3 in the first round of testing.  The GC-850 was used 
during the first round.  A different PACl chemical was used during the second round 
(PAX-18) and it performed very well.  In the third round, both PACl chemicals were used to 
determine if the difference in the formulation was the cause of the non-performance during 
the first round.  However, both chemicals performed well during the third round, indicating 
that the raw water quality may be the cause of the poor performance during the first round. 

A wide range (Series 1) and a narrow range (Series 2) of doses of each chemical were tested 
during each round.  The chemical doses were then optimized with the use of cationic and 
non-ionic polymers and pre-oxidants until final optimized doses were verified in either Series 
5 or 6 of the tests.   Figure 2 presents the optimized coagulant dose with the use of a pre-
oxidant, cationic polymer and non-ionic polymer. 

 

 

 

 

 

Table 3.  Properties of Coagulant Chemicals 
Chemical Specific Gravity Strength 
Aluminum Sulfate 1.335 50% 
Ferric Chloride 1.468 44% 
PACl: GC-850 1.342 48.9 % Al2O3 
PACl: PAX-18 1.378 17.09 % Al2O3 
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The required coagulant dose decreased each round along with the decreasing TOC and 
increasing total dissolved solids.  However, the optimized doses are based only upon settled 
water turbidity, settling, floc size and formation speed, and general appearance.  The 
optimized coagulant doses presented in this section do not consider the required and actual 
TOC removal percentages.  Table 4 presents the actual coagulant dose by round and the range 
for the testing duration. 

 
Table 4.  Optimum Coagulant Dose by Testing Round and Dose Range 

Chemical Dose, mg/L Coagulant First Round Second Round Third Round Range 
Alum 30 27 17 17-30 
Ferric 35 23 7 7-35 
PACl NA 4 3 3-4 
NA – PACl (GC-850) did not perform adequately during the first round of testing but GC-850 and PAX-18 both performed well 
during the other two rounds.  Therefore, range does not reflect range possible during entire year. 

 
 
All coagulants performed well during all rounds, with the exception of PACl during the first 
round.  Alum coagulated more readily and often settled before the flocculation period had 
ended.  Additionally, one large mass of floc would accumulate on the bottom indicating the 
high attraction forces with the applied dose.  Ferric performed similarly in some of the tests.   
Although PACl performed well at low doses and required low doses of the polymer and 
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pre-oxidant chemicals, the non-performance during spring run-off needs further investigation 
and could require the use of another coagulant during certain periods of the year.  Because 
the pH was adjusted during use of the PACl in the first testing round, the performance at the 
raw pH is unknown and may be adequate.  Use of PACl may require closer control and jar 
testing by plant operations staff during its use.  It is recommended that the use of all three 
coagulants be evaluated based upon cost and other concerns before selecting a coagulant or 
coagulants. 

Determination of Importance of Coagulant Aid and Flocculant Aid Polymers and 
Dosing Order 
Water treatment polymers are commonly used as coagulant aids, flocculant aids, and filter 
aids to improve process efficiency and to reduce the required dose of other chemicals.  
Coagulant and flocculant aid effectiveness can be tested through jar testing.  Filter aids can 
only be tested through pilot-scale testing.  Coagulant aids are used to improve the primary 
coagulant (usually the metal salts of aluminum sulfate or ferric chloride) performance and 
often result in a lowered primary coagulant dose and less sludge production.  Flocculant aids 
help produce floc that is larger and denser and thus settles easier and faster. 

Series 3 of each testing round evaluated the effectiveness of the addition of a coagulant aid 
(cationic) polymer and a flocculant aid (non-ionic) polymer.  Three different cationic 
polymers and one non-ionic polymer were used during the testing.  However, the purpose 
was not to evaluate different chemicals but only to determine if their use was effective and 
should be included in the MRC WTP chemical system design.   

In general, a reduction in the settled water turbidity and an increase in the floc size, speed of 
formation, and setting rate were seen through the addition of both coagulant aid and 
flocculant aid polymers.  For instance, during Series 2 of the third round of testing, the 
coagulants were dosed with potassium permanganate only.  The settled water turbidity, 
without the use of polymers, was over 1.0 NTU with all three coagulants.  However, with the 
addition of both polymers, the settled water turbidity dropped dramatically for all three 
coagulants.  This is shown in Figure 3.   

The addition of the coagulant aid to the alum actually increased the settled water turbidity 
slightly as shown in Figure 3.  This was not the case during the first and second rounds of 
testing and a reduction in settled water turbidity was observed in those tests.  Although not 
shown in Figure 3, the addition of the coagulant aid did decrease the floc formation time for 
alum.   
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Once the flocculant aid was added to the water with all three coagulants, the floc settling 
increased dramatically and in most cases the floc settled before the end of the flocculation 
period.  In these cases, the floc settling rate could not be measured but the better settling 
resulted in lower settled water turbidities.  The use of the two polymers resulted in the best 
performance of all the tests with clear jars, good floc size and structure, lowest settled water 
turbidity, and good settling.  

The proper chemical application sequence is important for obtaining the best water quality 
and reducing overall chemical costs.  Therefore, jar tests were completed to compare the effect 
of changing the dose sequence and timing of the polymer addition.  During the second round 
of testing, the sequence of the coagulant and coagulant aid polymer was compared.  During 
Tests 3D and 3E (and nearly all other tests during first and second rounds), the coagulant aid 
polymer was fed just before the coagulant and the floc aid was fed last with a 30-second 
delay.  During Test 5D, the order was switched with the coagulant aid being fed one-minute 
after the coagulant and the flocculant aid being fed after another 15-seconds.  The coagulant 
doses are shown in Table 2 for the second round.  Other chemical doses were as follows:  
potassium permanganate-1 mg/L; cationic polymer-1.5 mg/L (with ferric and alum) or 0.5 
mg/L (with PACl) and non-ionic polymer - 0.5 mg/L.  The results of Test 5D indicate the 
preferred sequence is coagulant, coagulant aid, then flocculant aid.  The settled water 
turbidity increased slightly (0.1 to 0.2 NTU) with this configuration, but there were significant 
increases in the floc size and settling rate and the turbidity difference could be attributable to 
instrument error.  Only PACl settled almost completely before the sedimentation period 
started with the first configuration in tests 3D and 3E (coagulant aid then coagulant).  With 
the second configuration, alum and PACl both settled nearly completely before the 
sedimentation period began and the ferric had a higher settling rate.  The second sequence 
(coagulant then coagulant aid) was used during the third round. 
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Delaying the addition of the flocculant aid polymer until pinpoint floc formation commonly 
improves the size and weight of the floc.  Most of the jar tests completed during the second 
round utilized a 30-second delay before addition of the flocculant aid.  Testing if additional 
delay was beneficial was completed in Tests 6A and 6B.  During Test 6A, alum and ferric 
were tested with a 1-minute delay.  During Test 6B, ferric and PACl were tested with a 
2-minute delay.  The results of Tests 6A and 6B were compared with the results of the floc aid 
dose testing during tests 3D and 3E.  The chemical doses were the same as discussed in the 
above paragraph.  For alum, the 1-minute delay resulted in larger floc (2-mm versus 1.2-mm) 
and a faster settling rate.  For ferric, there was no clear improvement with a 1-minute delay.  
However, the 2-minute delay showed dramatic improvement as the size increased from 1.5 to 
2.0-mm and the formation speed decreased.  The settling rate also increased.  The size of the 
floc with a 2-minute delay along with PACl also showed a dramatic increase in the floc size 
(1.5 to 2.3-mm).  The increases in floc size are shown in Figure 4.   

 

 

 

 

 

 

 

 
 
 

Both the dosing order and the delay are important in the optimal design and operation of the 
treatment plant.  Also, the need for flexibility in treating the varying water quality is 
important. 

Comparison of Two Pre-Oxidants at Various Doses 
Operating experience has shown that applying a pre-oxidant to raw water prior to 
coagulation results in larger and faster floc formation and sometimes a lowered coagulant 
dose requirement.  In fact, CDM completed jar testing at the Canyon Road WTP in October 
1996 that showed the addition of 1.4 mg/L chlorine from sodium hypochlorite as a pre-
oxidant resulted in larger floc (0.3-mm to 0.5-mm) at the same alum dose (20 mg/L) and that 
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Floc Size during the Second Round of Testing 
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the same size floc (0.3-mm) could be produced at a slightly lowered 15 mg/L dose.  However, 
the addition of chlorine based pre-oxidants can cause significant formation of disinfection by-
products (DBPs) in source waters with TOC concentrations above 2.0 mg/L.  The Rio Grande 
water has a TOC concentration above 2.0 mg/L.  Therefore, other pre-oxidants, such as 
potassium and sodium permanganate, are often evaluated and used in place of chlorine.  
Though permanganate is a weaker oxidizing agent than chlorine, it is effective in treating 
taste and odor constituents.  However, permanganate use can be troublesome in the 
distribution system if the dissolved manganese comes out of solution and creates brown 
water, as recently happened in Santa Fe.  The advantages and disadvantages of each type of 
pre-oxidant must be evaluated in combination with their performance.  Additional 
information on DBPs can be found in the technical memorandum prepared by CDM titled 
MRC WTP Water Quality Studies and Evaluations Project Disinfection By-Product Study.  TOC is 
discussed in detail in another technical memorandum prepared by CDM entitled MRC WTP 
Water Quality Studies and Evaluations Project Organics and TOC Evaluation. 

To evaluate the need for a pre-oxidant, tests were completed that compared the settled water 
quality using optimized chemical doses with and without a pre-oxidant.   Tests 4A through 
4C during the second round compared both ferric chloride and alum with and without each 
pre-oxidant.  Test 5A during the third round compared ferric chloride with and without each 
pre-oxidant.  During all three rounds of testing, potassium permanganate was used as the 
primary pre-oxidant.  During the second round, the use of a pre-oxidant did not result in 
significant improvements in the floc quality, settling, or turbidity in the jars with the optimum 
alum dose of 27 mg/L.  The settled water turbidity without a pre-oxidant ranged from 0.3 to 
0.75 NTU.  With a pre-oxidant, the settled water turbidity ranged from 0.41 to 1.1 NTU.  The 
settled water turbidity was even high when hypochlorite was used.  Ferric chloride did not 
perform as well as alum without a pre-oxidant.  The use of a pre-oxidant showed a significant 
increase in the floc size and a decrease in settled turbidity with the optimum dose of ferric 
chloride (23 mg/L).  The settled turbidity without a pre-oxidant, with permanganate, and 
with hypochlorite was measured as 1.27 mg/L, 0.24 mg/L (1 mg/L potassium permanganate) 
and 1.1 mg/L (1.5 mg/L dose of hypochlorite), respectively.  The size increased from 1.5-mm 
to 2-mm and 2.3-mm with the same dose.  During the second round, the settled water 
turbidity was measured at 0.7 NTU with the optimum ferric chloride dose (7 mg/L) and no 
pre-oxidant.  Settling was nearly complete before the flocculation period ended with this test.  
The use of a pre-oxidant increased the settled water turbidity with most comparison tests 
using hypochlorite.  One test with hypochlorite showed a decrease in the turbidity (0.5 NTU) 
but a verification of the test did not have the same positive results (1.1 NTU).  It is likely that 
the turbidity measurements were inaccurate because of the ongoing problems with the 
laboratory turbidimeters.  A comparison of the other parameters (floc size, formation speed, 
and settling rate) confirmed that the water quality did not improve with the use of 
hypochlorite.  The use of potassium permanganate (0.5 to 0.65 mg/L) did improve the water 
quality with the optimized ferric chloride dose of 7 mg/L.  Settled water turbidity improved 
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only slightly.  However, the floc size increased from 1.5-mm to 2.3-mm with a 0.65 mg/L dose 
of potassium permanganate.   

During Series 4 of each round, various permanganate and hypochlorite doses were evaluated 
to determine the optimum dose for each coagulant.  For comparison, Figure 5 shows the 
settled water turbidity for each testing round of each pre-oxidant.  The doses for each of the 
tests that resulted in the lowest turbidity are shown in the chart.     

 
Figure 5 shows that the settled water turbidity for each of the two pre-oxidants was similar 
during most tests.  In general, the potassium permanganate tests had settled water turbidity 
nearly the same or lower than hypochlorite at the same or lower doses in all cases.   

A final comparison was made between potassium permanganate and sodium permanganate 
to determine if there were significant differences in the performance of either chemical.  
During Test 6B of the second round, ferric chloride was tested with both types of 
permanganate.  Both permanganates performed well at a dose of 1 mg/L resulting in settled 
water turbidities of approximately 0.4 NTU in both jars.  The potassium permanganate jar had 
slightly larger floc (1.5-mm versus 2-mm) and settled slightly better (5 centimeters per minute 
(cm/min) versus 6 cm/min).  This was the only test completed to compare the two chemicals.  
Because of the fairly limited differences the ultimate selection of the chemical may come 
down to operator preference – dry or liquid. 
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The decision of which pre-oxidant to use should be based upon the final selection of the 
primary coagulant and a review of the potential for DBP formation with hypochlorite or the 
potential for dissolved manganese to precipitate in the distribution system.     

Optimization of all Chemical Doses 
Each type of chemical was tested in a step-by-step procedure until an optimal dose of each 
was chosen.  Then, additional testing was completed to determine if further optimization 
could be completed.   

During Series 1, a wide-range coagulant dose (i.e. 10 to 50 mg/L) was selected for each of the 
three coagulants.  Then, in Series 2, a narrow-range coagulant dose (such as 20 to 35 mg/L) 
was tested.  The lowest dose resulting in the best floc behavior and settled water turbidity 
was selected to carry through with the other testing.  In some cases, a higher dose of 
coagulant resulted in a slightly reduced turbidity but the extra chemical costs would not be 
justified for the return.  Therefore, the lower dose would be used for the remaining tests.   

During Series 3, the coagulant aid and flocculant aid polymers were tested over a range (0.5 to 
2 mg/L for coagulant aid and 0.25 to 1 mg/L for flocculant aid).  Based upon their 
performance, the optimum dose was selected and used for the subsequent tests.  Similar to 
the coagulant, the lowest dose with good results was selected.  During Series 4, the two pre-
oxidants were compared over a range.  The best performing potassium permanganate dose 
was carried through in all cases because it was assumed that the minimal added benefit from 
hypochlorite was not worth the additional DBP formation.  Potassium permanganate was also 
used during Series 1, 2 and 3.  During either Series 5 of 6, additional tests were performed that 
evaluated if a lower coagulant dose resulted in similar settled water quality.   

During the third round of testing, the settled water TOC was also compared for the optimized 
and the lowered coagulant doses.  Table 5 presents the optimized chemical doses, by chemical 
and testing round.  The optimized dose of each coagulant was lowered significantly with each 
subsequent testing round.  Ferric chloride appeared to be successful at lower optimized dose, 
but completion of TOC testing during the third round indicated the lowered dose did not 
adequately remove TOC.  Alum was successful, with good TOC removal during the third 
round of tests.  The PACl dose was not lowered in combination with TOC testing, so a 
lowered optimized dose was not confirmed.  
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Effect of Differing Mixing Conditions on Treatment 
Conceptual design criteria for the MRC WTP were presented in Appendix C of Buckman 
Surface Diversion Project: Project Description and Preliminary Construction, Operations, and 
Maintenance Plan Report (February 13, 2002).  The conceptual design criteria were based upon 
an assumption that the treatment plant would be a conventional plant.  Jar testing mixing 
conditions for both rapid mixing and flocculation were based upon the conceptual design 
criteria as shown in Table 6. 

 

 
During the jar testing, the maximum rotation speed on the jar test apparatus was used (300 
rpm) resulting in a mixing energy of 350 to 410 sec-1 depending upon temperature.  The 
detention time during rapid mixing was increased from the conceptual design criteria to 
allow for sufficient time to add the chemicals and assure mixing.  The overall Gt used during 
testing was about 25 percent above the low conceptual design criteria value.  Tapered 
flocculation with mixing conditions similar to that shown in Table 6 was used for nearly all jar 
tests through all three testing rounds.  However, one test during the second round (Test 5C) 
evaluated a constant speed flocculation rather than tapered flocculation.   The total mixing 
energy during the constant speed test was 56,100.  

Table 5.  Comparison of Optimized Chemical Doses During Each Round of Testing 
First Round Second Round Third Round 

Chemical 
Alum 

Ferric 
Chloride PACL Alum 

Ferric 
Chloride PACL Alum 

Ferric 
Chloride PACL

Pre-Oxidant 1 1 1 1 1 0.5 0.5 0.65 
Coagulant 30 35 27 23 4 14 7 3 
Coagulant Aid 2 1.5 1.5 1.5 0.5 1.5 2 0.5 
Flocculant Aid 0.5 0.25 

NA 

0.5 0.5 0.5 0.5 0.5 0.5 
NA - Not successful at any dose but pH was adjusted to 6.5 only during the first round. 

Table 6.  Conceptual Design Criteria and Jar Testing Criteria 
Conceptual Design Criteria Typical Jar Testing Criteria 

Component Detention 
Time 

 
Mixing Energy G, sec -1 

Detention 
Time 

 
Mixing Energy G, sec -1 

Rapid Mixing 1 second 1000 5 seconds 330-420 
Flocculation 30 minutes:  

3 stages at 10 
minutes each 

Stage 1:  40-80 
Stage 2:  40-60 
Stage 3:  10-40 

 

30 minutes:  
3 stages at 10 
minutes each 

Stage 1:  60 
Stage 2:  40 
Stage 3:  10 

 
Sedimentation 15 minutes 0 15 minutes 0 
Total Gt 55,000 – 109,000 67,650 – 68,100 
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Figure 6 shows the settled water turbidity differences with the use of tapered versus constant 
speed flocculation.  The settled water turbidity was significantly less with the tapered 
flocculation.   Although not shown in Figure 6, the formation speed and settling rate was 
similar for all coagulants with both mixing schemes.  The floc size was similar (alum) or 
smaller (ferric and PACl) with the constant speed flocculation.   

 
 

 

 

 

 

 

 

 

 

 
Impact of pH Adjustment on Coagulation and Sedimentation Processes 
The raw water pH during the three rounds of testing was 7.8 to 8.0, 8.0 and 8.9 as measured 
with the Canyon Road WTP pH meter.  Coagulants often perform better at a pH of 5.5 to 7.0. 
Additionally, the reduction of pH prior to the use of the coagulant can improve TOC removal 
by what is commonly known as “enhanced coagulation.”  Tests were completed to compare 
the effect of a lowered pH on the finished water quality.  During the first round of testing, 
PACl was tested at a pH of 6.5 with poor results.  The pH of the water was lowered through 
the addition of sulfuric acid.  Because PACl performed well during the other two rounds of 
testing without pH adjustment, it is possible that the pH adjustment caused the inadequate 
performance during the first round.  The affect of pH adjustment on the settled water quality 
with alum and ferric chloride was evaluated in Test 5B in the second round.  This test also 
evaluated if the optimized coagulant dose could be reduced after the other chemical doses 
were optimized.  Therefore, the coagulant dose was slightly lower than in the other tests in 
second round.  The alum dose was reduced from 27 mg/L to 23 mg/L.  The ferric chloride 
dose was reduced from 23 mg/L to 19 mg/L.  For both coagulants, the pH was adjusted to 
approximately 7.0 before commencing the jar test.  Two tests with each coagulant were 
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conducted, one at the normal pH, the other at a depressed pH.  The settled water turbidity for 
all four tests was similar and ranged from 0.5 to 0.7 NTU.  The jars with the adjusted pH had 
slightly lower settled water turbidities.  However, because of the inaccuracies with the 
turbidimeter, it is unclear if the measurements are accurate, so performance differences 
should be evaluated from other parameters.   With ferric chloride, the lowered pH jar settled 
slower (3 cm/min instead of 4 cm/min).   With alum, the other characteristics and appearance 
of the jars were similar.   

The limited information indicates that pH adjustment may be beneficial with alum.  Another 
chemical could be used to achieve this effect, acidified alum, so the pH adjustment and 
coagulant addition occurs in one step.  The pH adjustment may not be beneficial with the use 
of ferric chloride or PACl.   

Removal of Organic Carbon during Coagulation/Sedimentation 
Removal of organic carbon through the treatment process is regulated under the Stage 1 
Disinfectants/Disinfection By-Products Rule (DBPR).  The DBPR requires that a certain 
percentage of the raw TOC be removed by treatment, depending upon the raw water TOC 
concentration and alkalinity, in order to reduce DBPs formed through the breakdown of 
organic material by disinfectants.  TOC samples were collected for laboratory analysis during 
the second and third testing rounds once all chemical doses were optimized.  During the 
second round, samples were collected from settled water during tests 6A and 6B.  Settled 
water was collected from the sample drain on the 2-liter jars into one composite sample and 
the sample bottle was filled from the composite sample.  During the third round of testing, 
only one 2-liter jar was used per test (Tests 6A through 6C) and the sample was collected 
directly from the sample drain after flushing.  The samples were filtered through a 0.45 
micron filter and then the sample bottle was filled.  Although only the third round samples 
were filtered, the raw water consisted mainly of dissolved organic carbon (DOC) and 
therefore filtering probably would not have resulted in a significant difference in the TOC 
concentration.  Table 7 presents the TOC concentration and removal percentage achieved for 
each coagulant and the respective chemical doses.   

The raw water TOC presented in Table 7 shows a range of values.  The range is based upon 
the result of DOC analysis being slightly higher than TOC.  Since DOC is a component of 
TOC, it has to be equal to or less than TOC.  According to the laboratory, the standard error 
for both parameters is 0.5 mg/L and therefore the difference (0.4 mg/L) is within the accepted 
error.  The range shown is the two reported numbers for TOC and DOC.   
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Removal requirements from the DBPR are based upon the raw water TOC and alkalinity.  
This data is presented in Table 4 of the technical memorandum prepared by CDM entitled 
MRC WTP Water Quality Studies and Evaluations Project Organics and TOC Evaluation.  The TOC 
and alkalinity during the water collection period for the second and third rounds indicate a 25 
percent and 15 percent removal requirement for each period, respectively.  However, 
historical water quality data in the river measured at the Otowi Gaging Station indicate the 
average removal requirement would be 25 to 35 percent.    

Considering the range of TOC, the removal achieved with the three coagulants during the 
second round ranged from 9.4 to 30.6 percent, with ferric chloride resulting in the highest 
removal percentage.  During the third round, the removal percentage ranged from 0 to 26.3 
percent, with alum resulting in the highest removal percentage.  The 0 percent occurred while 
trying to lower the optimum ferric chloride dose.  The optimum alum dose was also lowered, 
but the lowered dose resulted in an increased removal percentage (16.7 to 26.3 percent).  The 
PACl removal was similar during both rounds and met the actual requirements.  However, 
PACl could not be optimized during the first round when tested at a lower pH.  Ferric 
chloride performed well during the second testing round but did poorly during the third 
testing round.  Alum did the opposite.  None of the doses or coagulants tested achieved a 

Table 7.  Settled and Filtered Water TOC Concentrations and Removal Percentages 
Second Round – Raw Water TOC = 3.2 – 3.6 mg/L 

Settled Water Sampled 
Third Round – Raw Water TOC = 2.4 mg/L 

Settled and Filtered Water Sampled 
Chemical Doses TOC % 

Removed Chemical Doses TOC % 
Removed 

Potassium permanganate – 1.0 mg/L 
Ferric chloride – 23 mg/L 
Cationic polymer Nalco 8105 – 1.5 mg/L 
Non-ionic polymer Nalco 8181 – 0.5 mg/L 

2.5 
mg/L 

21.9 – 30.6 Potassium permanganate – 0.5 mg/L 
Ferric chloride – 7 mg/L 
Cationic polymer C-358 – 2.0 mg/L 
Non-ionic polymer Nalco 8181 – 0.5 mg/L 

2.2 
mg/L 

8.3 

Potassium permanganate – 1.0 mg/L 
Alum – 27 mg/L 
Cationic polymer C-358 – 1.5 mg/L 
Non-ionic polymer Nalco 8181 – 0.5 mg/L 

2.9 
mg/L 

9.4 – 19.4 Potassium permanganate – 0.5 mg/L 
Ferric chloride – 4 mg/L 
Cationic polymer C-358 – 2.0 mg/L 
Non-ionic polymer Nalco 8181 – 0.5 mg/L 

2.4 
mg/L 

0 

Potassium permanganate – 0.5 mg/L 
Alum – 17 mg/L 
Cationic polymer C-358 – 1.5 mg/L 
Non-ionic polymer Nalco 8181 – 0.5 mg/L 

2.0 
mg/L 

16.7 

Potassium permanganate – 0.5 mg/L 
Alum – 14 mg/L 
Cationic polymer C-358 – 1.5 mg/L 
Non-ionic polymer Nalco 8181 – 0.5 mg/L 

1.9 
mg/L 

26.3 

Potassium permanganate – 1.0 mg/L 
Polyaluminum Chloride (PAX-18) – 4 mg/L 
Cationic polymer Nalco 8105 – 0.5 mg/L 
Non-ionic polymer Nalco 8181 – 0.5 mg/L 

2.7 
mg/L 

15.6 – 25.0 

Potassium permanganate – 0.65 mg/L 
Polyaluminum Chloride (PAX-18) – 3 mg/L 
Cationic polymer C-358 – 1.5 mg/L 
Non-ionic polymer Nalco 8181 – 0.5 mg/L 

1.9 
mg/L 

26.3 
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removal requirement of 35 to 40 percent, the probable high removal requirement determined 
from historic Rio Grande water quality data at the Otowi gaging station. 

Measurement of Treated Water Settling Rates 
Settling rates were measured during all tests with the use of a ruler and recording the 
distance the sludge settled in two minutes – measured as cm/min.  However, the continued 
mixing after flocculation stopped and the inaccuracies of not measuring all jars at once make 
the measurements only estimates.   A more accurate methodology involves measuring the 
settled water turbidity over time by drawing samples from the sample port located 10 cm 
below the water surface.  The settling curve derived from the data can be converted to an 
overflow rate for design purposes.  Additionally, the effectiveness of different chemical doses 
can be compared with the methodology.   During Tests 6A through 6C in the third round, 
settled water turbidity was measured at timed intervals for each of the three coagulants.  
Figure 7 presents the collected data showing the measured turbidity versus the settling time 
for all tests.   

The chemical doses shown in Figure 7 also tested the effect of lowering the optimized 
coagulant dose once all chemical doses were optimized.  As shown in Figure 7, the alum and 
PACl jars settled faster than the ferric chloride jars.   The lower dose of alum (14 mg/L) was 
nearly as effective as the 17 mg/L dose – this conclusion is confirmed by the TOC removal 
percentages for the two doses of alum shown in Table 7.  The 4 mg/L lowered dose of ferric 
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chloride was not as effective as the original optimized dose of 7 mg/L as the settling rate for 
this configuration was the slowest of all the tests.  This is also confirmed by the TOC removal 
results.  Only a very slight improvement in settling was noticed through the increased 
potassium permanganate dose (0.5 mg/L to 1 mg/L) and the difference could be a turbidity 
instrument error.   

The data presented in Figure 7 can also be converted into a settling rate versus percent raw 
water turbidity remaining.  For the third round of testing, the raw water turbidity was 
measured as 25 NTU.  The measured timed turbidities were divided by the original raw water 
turbidity to calculate the remaining raw water turbidity percentage.  The settling times when 
turbidity samples were taken were divided by 10 cm (the distance from the water surface in 
the jar to the sample port) to calculate the settling rate in cm/min.   The remaining raw water 
turbidity percentage defines the portion of the raw-water turbidity that settles at a rate equal 
to or less than the corresponding settling velocity.  The settling velocity can also be converted 
to a surface loading rate with a settling velocity of 4.0 cm/min being approximate to a loading 
rate of 1.0 gallon per minute per square foot (gpm/sf).  Figure 8 displays settling velocity 
versus the percentage of raw water turbidity remaining.  Depending upon the goal for 
percent raw water turbidity remaining set for the sedimentation process (i.e. 5 percent 
remaining, 1 NTU, etc.) the settling velocity and thus design loading rate (settling velocity 
divided by 4, approximately) can be chosen from the chart presented as Figure 8. 

If the goal is to reach 1 NTU during sedimentation, for a raw water turbidity of 25 NTU, this 
equates to a percent raw water turbidity remaining of 4 percent.  Only alum, at a dose of 14 
mg/L, was able to achieve this reduction at a loading rate equal to or greater than 2.5 gpm/sf.  
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However, settling was only tested with this methodology during the third round of testing 
when the raw water had the lowest raw water turbidity of the three rounds.  Because the 
coagulants performed differently during each period and the data is limited, a more 
conservative loading rate, such as 0.5 or 1 gpm/sf, is a safe approach.  From Figure 8, a 
loading rate of 1 gpm/sf is equal to a settling velocity of 4 cm/min and the percent turbidity 
remaining ranges from three to 12 percent, depending upon the coagulant and dose. 

Conclusions 
The following chemical dosing and design optimization conclusions can be made based upon 
the data presented herein. 

 All three coagulants (alum, ferric and PACl) performed well during all or some of the 
testing rounds and the use of each should be further evaluated.   

 The optimum coagulant dose changes dramatically throughout the year. 

 Both a coagulant aid and a flocculant aid polymer improved the settled water quality. 

 Dosing the coagulant aid polymer after the coagulant is more effective. 

 Delaying the addition of the flocculant aid polymer one to two minutes after 
coagulation improved floc size and settling rate. 

 Use of a permanganate pre-oxidant was effective in improving floc size in combination 
with ferric chloride. 

 Use of hypochloride as a pre-oxidant did not improve flocculation performance or 
settled water turbidity. 

 Both potassium and sodium permanganate performed similarly and there was no 
apparent difference in their effectiveness. 

 A lower alum dose may be satisfactory in achieving similar settled water quality than a 
higher dose, once optimized.  This could not be verified for the other two coagulants. 

 Tapered flocculation with a total mixing energy (Gt) of approximately 68,000 was more 
effective than constant speed flocculation with a total mixing energy of 56,100. 

 A lower raw water pH may improve the performance of alum.  Additional jar testing to 
confirm the performance of enhanced coagulation is recommended. 

 PACl and ferric chloride were not effective at a lower pH. 

 The TOC removal requirements, dependent upon the measured raw water TOC and 
alkalinity at the time of water collection, were met by at least one coagulant.  

 None of the coagulants were able to achieve the 35 to 40 percent removal percentage 
that may be required during some periods of the year. 
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 The settling data collected confirmed a typical sedimentation loading rate of 0.5 to 1.0 
gpm/sf will be adequate. 

 The doses of each chemical will vary throughout the year, by coagulant, as shown in 
Table 8.   

Table 8.  Range of Optimized Chemical Doses 
Chemical Dose Range, mg/L 

Pre-Oxidant 0.5 – 1.0 
Alum 14 – 30 
Ferric Chloride 7 - 35 
PACl 3 – 41 
Coagulant Aid 0.5 – 2.0 
Flocculant Aid 0.25 – 0.5 
1The potential high end dose was not determined as the testing during the first round 

was unsuccessful 
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Appendix A 
Common Nomenclature 
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ACRONYMS / NOMENCLATURE 
 

Alum Aluminum Sulfate, Coagulant Chemical 

C-358 Cationic Coagulant Aid Polymer 

Cat Cationic Coagulant Aid Polymer 

Cat L Cationic Coagulant Aid Polymer 

CDM Camp Dresser & McKee 

cm Centimeters 

cm/min Centimeters per Minute 

DBPs Disinfection By-Products 

DOC Dissolved Organic Carbon 

Ferric Ferric Chloride, Coagulant Chemical 

Floc Polymer Non-Ionic Flocculant Aid Polymer 

GC-850 Type of Polyaluminum Chloride 

gpm/sf Gallons per Minute per Square Foot 

KMnO4 Potassium Permanganate 

mg/L Milligrams per Liter 

mg/ml Milligrams per Millileter 

ml millileter 

mm Millimeter 

MRC Municipal Recreation Complex 

NA Not Available 

Nalco 8105 Cationic Coagulant Aid Polymer 

Nalco 8181 Non-Ionic Flocculant Aid Polymer 

NM Not measured 

NTU Nephelometric Turbidity Units 

PACl Polyaluminum Chloride, Coagulant Chemical 

PAX-18 Type of Polyaluminum Chloride 

rpm Revolutions per Minute 

TOC Total Organic Carbon 

USGS United States Geological Survey 

WTP Water Treatment Plant 
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APPENDIX G 
DISINFECTION BY-PRODUCT STUDY TECHNICAL MEMORANDUM 
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Technical Memorandum  
 
MRC WTP Water Quality Studies and Evaluations Project 
Disinfection By-Product Study 
March 18, 2005 

 
Summary 
Purpose 
The purpose of this memorandum is to summarize the formation potential of two main 
disinfection by-products (DBPs) groups generated during disinfection processing in a 
drinking water system, Total Trihalomethanes (TTHMs) and Haloacetic Acids (HAAs).  Three 
separate disinfection processes were considered to determine the potential DBP problems for 
the Buckman Direct Diversion Project. 

Conclusions 
Three primary disinfectants were used (including chlorine for secondary disinfection) to 
simulate DBP formation potential during this study: chlorine, chlorine dioxide, and ozone.  
The results of the analyses show that DBP formation was most significant when using only 
chlorine as a disinfectant, and least significant when using both chlorine dioxide and chlorine 
for disinfection.  DBPs were formed during the ozone and chlorine dioxide tests because 
chlorine was added as a secondary disinfectant in both cases.  Ozone produced 14 percent less 
TTHMs and 19 percent less HAAs than chlorine for this water sample.  Chlorine dioxide 
produced 33 percent less TTHMs and 25 percent less HAAs than chlorine.  These results 
indicate that use of ozone or chlorine dioxide disinfection should minimize DBP formation for 
this water.   However, the testing was not completed under optimized total organic carbon 
(TOC) removal conditions.  The TOC removal requirements will exceed 40 percent in some 
months and therefore the DBP formation potential will be significantly lowered, allowing the 
use of a chlorine based chemical (sodium hypochlorite) as a secondary disinfectant. 

Background 
Regulatory activity pertaining to disinfection and disinfection by-products (DBPs) has 
accelerated in the last several years.  Disinfectants themselves can react with naturally-
occurring constituents in drinking water to form by-products which may pose health risks.  
Pathogens, such as Cryptosporidium, can cause illness and are typically resistant to traditional 
disinfection practices.  Disinfection design approaches must protect the public health from the 
chronic and acute risks of DBPs, while conforming to the USEPA’s Safe Drinking Water Act 
regulations.  The balance of disinfection benefits and risks will continue to challenge 
designers while meeting the increasingly stringent regulations. 
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DBP formation is a common occurrence in surface water treatment plants because chlorine is, 
by far, the most commonly used disinfectant (primary and secondary disinfection) in the 
United States.  Chlorine reacts with natural organic matter (NOM) and bromide to form 
halogenated compounds, such as TTHMs and HAAs.   

Various disinfectants (ozone, chlorine dioxide, etc.) react with NOM to form different DBPs.  
While chlorine predominantly produces halogenated organics, ozone produces aldehydes, 
ketones, and inorganic by-products.  Chlorine dioxide produces chlorate and chlorite, and 
while in the presence of bromine, ozone produces bromate.  Therefore, the type and amount 
of DBPs generated during treatment depends on the type and dose of disinfectant, as well as 
the water quality, treatment sequences, and environmental parameters such as organic 
content, temperature, pH, and contact time.   

Sampling and laboratory analysis were conducted to evaluate the formation potential of DBPs 
based upon the use of ozone, chlorine dioxide, and chlorine for disinfection.  Additional 
information on the analysis of the three types of disinfection processing is presented in the 
Disinfection Testing and Analysis Technical Memorandum.  This memorandum includes analysis 
of TTHM and HAA formation potential during disinfection. 

According to the USEPA Stage 1 Disinfectant and Disinfection By-Product Rule (DBPR), 
TTHM includes the sum of the chloroform, bromodichloromethane, dibromochloromethane, 
and bromoform concentrations in drinking water.  Toxicology studies have shown that 
TTHMs can be carcinogenic in laboratory animals.   

HAA includes the sum of the monochloroacetic acid, dichloroacetic acid, trichloroacetic acid, 
monobromoacetic acid, and dibromoacetic acid concentrations in drinking water.  Studies 
have shown that HAA may cause adverse reproductive or developmental effects in laboratory 
animals. 

Laboratory Results 
The water used for sampling was collected on June 3, 2003 from the proposed location of the 
Buckman Direct Diversion Project Intake Structure on the Rio Grande.   On June 5, 2003, 
bench scale testing of the raw water was completed using an optimized chemical dosing and 
mixing sequence that consisted of the addition of 1 mg/L potassium permanganate, 35 mg/L 
ferric chloride, 1.5 mg/L of cationic polymer, and 0.25 mg/L of non-ionic polymer.  The water 
was coagulated and flocculated for 30 minutes and then an additional 30 minutes was 
allowed for settling.  Settled water was decanted from the jar test containers from three 
duplicate test runs until 20 liters of settled water was collected for use in analysis.  Settled 
water pH (6.9), turbidity (1.2 NTU), and temperature (23 degrees Celsius) were recorded.  The 
water was sent to Colorado State University for disinfection testing.   

Three discrete samples were collected from the 20-liter water sample and processed using 
ozone, chlorine dioxide, and chlorine, respectively, for disinfection.  Tests were conducted at 
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a temperature of 10 degrees Celsius and a pH of 6.9.  After disinfection, chlorine was applied 
to each sample for simulated distribution system (SDS) testing.  A 7-day detention time 
achieving a 0.5 mg/L chlorine residual at the end of the detention time was used as a 
conservative measure of DBP formation potential.  For the chlorine and chlorine dioxide 
samples, 3 mg/L of chlorine was added for the SDS testing.  For the ozone sample, a higher 
chlorine dose of 4.5 mg/L was necessary to achieve the 0.5 mg/L chlorine residual. 

The three samples for the Buckman Direct Diversion Project were analyzed for TTHM and 
HAA concentrations.  Results of the analytical laboratory analyses are presented in Table 1 
below. 

Discussion of Results 
All of collected samples exceed the DBPR Standards for both TTHM and HAA; however these 
results are for one sample only.  The total organic carbon (TOC), a component of NOM, in the 
raw water was 5.6 mg/L.  This TOC measurement was the highest of the three sampling 
periods.  In addition, the 7-day SDS is a conservative measure and represents worst case 
conditions for this water.  Actual DBP formation potential for this water will likely be 
different with full-scale processes including pre-sedimentation, enhanced coagulation, 
sedimentation, and filtration.  The results of the analyses conclude that DBP formation was 
most significant, for both TTHM and HAA, using chlorine as a primary disinfectant.  Chlorine 
was added as a secondary disinfectant in all three tests.  Ozone produced 14 percent less 
TTHMs and 19 percent less HAAs than chlorine for this water sample.  Chlorine dioxide 
produced 33 percent less TTHMs and 25 percent less HAAs than chlorine.  These results 
indicate that primary disinfection with ozone or chlorine dioxide will decrease DBP formation 
for this water.   Actual DBP values and percent reductions will likely be different at full-scale 
operation and will vary dependent on water conditions.  The DBP values in this study should 
only be considered for general trends in DBP formation potential for the different 
disinfectants tested. 

The results presented herein were conducted at a mid-range water temperature between cold 
winter conditions and warm summer conditions.  DBP generation increases with water 

Table 1. Summary of Laboratory Analyses of Disinfection By-Product Concentrations 

Primary Disinfection Process1 
Total Trihalomethane 
Concentration (µg/L) 

Total Haloacetic Acid 
Concentration (µg/L) 

Chlorine (Sodium Hypochlorite) 
1 mg/L, 20 min. 

154 89 

Ozone  
1.25 mg/L, 10 min. 

133 72 

Chlorine Dioxide 
0.75 mg/L, 20 min.  

104 67 

USEPA Standard2 80 60 
1Primary disinfectant used followed by 7-day SDS test.  Chlorine applied to all samples to achieve 0.5 mg/L chlorine residual. 
2United States Environmental Protection Agency Stage 1 Disinfectant and Disinfection By-Product Rule Standard 
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temperature.  The effects of temperature on DBP formation are an important consideration 
and additional testing at other temperatures is recommended.  During collection, the 
recorded raw water temperature was 20 degrees Celsius.  The temperature of the water 
increased only slightly during the second round of testing.  Therefore, the selection of the 
appropriate disinfectant and/or disinfection strategy must take into account this information.  
Minimization of DBPs is recommended at all times of the year.   

This study only evaluated the relative DBP formation potential of three primary disinfectants.  
Overall system DBP compliance should consider different treatment methods (enhanced 
coagulation, filter absorbers, UV-disinfection, etc.) and the blending of all sources in the 
distribution system.  These evaluations are beyond the scope of this study. 
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Technical Memorandum  
 
MRC WTP Water Quality Studies and Evaluations Project 
Disinfection Testing and Analysis 
March 18, 2005 

 
Summary 
Purpose 
The purpose of this memorandum is to summarize the projected performance of three 
different disinfectants for the Buckman Direct Diversion Project drinking water system 
primary and/or secondary disinfection process.  Conventional disinfection using ozone, 
chlorine dioxide, and chlorine (as sodium hypochlorite), respectively, were analyzed for this 
study.   

Conclusions 
In drinking water treatment, chemical disinfectants added to the water decay over time.  As 
presented in this memorandum, all three selected disinfectants exhibited this behavior.  The 
analyses show that ozone decays more rapidly than chlorine dioxide or chlorine. Initial 
demand for ozone was also greater than the demands for chlorine dioxide and chlorine as the 
disinfectant. 

Selection of a disinfectant will need to be made based on balancing regulatory requirements, 
minimizing disinfection by-products, capital and operating costs, operator preferences, and 
safety and health risks. 

Background 
Applying chemical disinfectants to drinking water in the United States has successfully 
controlled the transmission of disease-causing organisms, or pathogens, through drinking 
water supply systems.  New technologies, physical and chemical processes, are continually 
being used to control pathogens during disinfection processes.  Disinfection approaches must 
be designed and operated to protect the public health from the chronic and acute risks while 
conforming to the United States Environmental Protection Agency’s (USEPA) Safe Drinking 
Water Act regulations. 

Additionally, disinfectants are also used as oxidants in drinking water treatment to remove 
taste and odors, prevent biological growth and, in some cases, enhance the removal of 
organics.  However, use of disinfectants can compound the problem of disinfection by-
product (DBP) formation, since DBP generation varies with the different types of 
disinfectants/oxidants.  Additional information on the DBP formation for the Buckman Direct 
Diversion Project is presented in the Disinfection By-Product Study Technical Memorandum. 
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Disinfectants 
For the disinfection testing and analysis, three separate disinfectants were used: ozone, 
chlorine dioxide, and chlorine (as hypochlorite).  Drinking water systems in the United States 
may use other disinfectants, such as chlorine gas or ultraviolet light (UV).  Chlorine as a gas 
was not used in this study and will not be evaluated due to the inherent and perceived safety 
hazards and regulatory compliance requirements which accompany this chemical.  UV 
disinfection testing requires laboratory, pilot, or full-scale analysis and is highly dependent on 
water quality; therefore it was not tested at this stage.  UV will be evaluated in the report as a 
possible disinfection process.  Chloramines may be used to provide distribution system 
residual disinfection (secondary disinfection) to minimize DBP formation; however, chlorine 
is typically used.  The three disinfectants selected for this study are readily available in the 
United States and vary in expense. 

Ozone is the most powerful disinfectant available.  Typically, ozone is continually injected 
into the water as a gas (O3) and requires specific structures and equipment for on-site 
generation, diffusion and transfer, detention, and off-gassing destruction.  Ozone generation 
equipment must operate near full capacity the majority of the time.  This can lead to higher 
capital and operating costs for drinking water treatment systems.  Although ozone is one of 
the most expensive disinfection methods, it is becoming increasing prevalent in water 
treatment systems in the United States and is one of the most commonly used methods in 
Europe.  Ozone is a strong oxidant; it greatly improves the aesthetic quality of water (color, 
taste, and odor) and it enhances coagulation.  The disadvantages to using ozone include the 
need for on-site generation, generation or supply of a feed gas (liquid oxygen), and the 
hazardous nature of ozone.  Also, ozone systems are significantly more complex to operate 
and maintain. 

Chlorine dioxide is another powerful disinfectant, yet not as powerful as ozone.  Typically, 
chlorine dioxide is injected into the water as a liquid (ClO2) and requires equipment for on-
site generation and injection.  Chlorite and chlorate formation may occur when using chlorine 
dioxide, which may result in additional water processing and higher capital and operating 
costs for drinking water treatment systems.  A few advantages of using chlorine dioxide as 
the disinfectant include its abilities to reduce biological growth, improve filtration 
performance, destroy certain odor causing compounds, and meet the required disinfection 
credit.  The disadvantages to using chlorine dioxide include on-site generation requires the 
use of two or three chemicals in the generation process; chlorite and chlorate monitoring, and 
covering of basins, since sunlight exposure reduces the residual.   

Chlorine, as hypochlorite, is one of the least expensive disinfectants available.  Typically, 
chlorine is continually injected into the water as a weak-solution liquid (Cl2) and requires 
equipment for on-site generation and injection.  DBP formation may occur when using 
chlorine, which may result in additional water processing and higher capital and operating 
costs for drinking water treatment systems.  Despite the DBP formation potential, chlorine (as 
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gaseous chlorine or sodium hypochlorite) disinfection is one of the most commonly used 
methods in the United States.  

A few advantages of using chlorine as the disinfectant include its effectiveness at killing 
bacteria, its ability to oxidize iron and manganese, its success in some taste, odor, and color 
removal, and relatively low cost.  The disadvantages to using chlorine include the potential to 
form DBPs and potential to produce undesirable tastes and odors. The safety and health 
regulations pertaining to the handling of chlorine, especially as a gas, are becoming 
increasingly stringent.   

New studies indicate that a small dose of chlorine dioxide in conjunction with chlorine will 
reduce the chlorine dose and significantly reduce DBPs. 

Demand and Decay Analysis 
Demand and decay data are typically used in conceptual and preliminary drinking water 
treatment system design.  The ranges of dose requirements and the extent of disinfectant 
residuals are used to aid in process selection, chemical selection, and equipment selection.  
Not only does this information help determine capital costs for treatment systems, it provides 
estimates for maintenance and operating costs.   

Demand and decay tests were performed to determine the dose requirement and the extent of 
the residual disinfectant for each chemical.  After a disinfectant is added to the water, it will 
decay.  This characteristic is important because as the disinfectant concentration decreases, 
the disinfection effectiveness decreases.  Disinfection kinetics and/or modeling are typically 
used to determine the extent of decay.  The same methods are used to determine disinfectant 
demand, which is based upon the applied dosage. 

The decay was calculated based on first-order decay kinetics: 

C(t) = Ci e^(-kd * t) 

            where:   C(t) is the disinfectant residual (in mg/L); 

Ci is the initial disinfectant dose (in mg/L); 

kd is the decay coefficient (in min-1); and 

t is the reaction time (in min). 

The disinfectant residual [C(t)] was determined using laboratory testing methods.  Using 
discrete time intervals (0.5 minute, 1 minute, etc.) the residual disinfectant concentration was 
recorded for use in the demand and decay calculations.  Using these parameters, the decay 
coefficient was calculated for the three different disinfectants.  Analysis of the demand and 
decay calculations is presented in the following section.     
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Laboratory Results 
The water used for sampling was collected on June 3, 2003 from the proposed location of the 
Buckman Direct Diversion Project Intake Structure on the Rio Grande.   On June 5, 2003, 
bench scale testing of the raw water was completed using an optimized chemical dosing and 
mixing sequence that consisted of the addition of 1 mg/L potassium permanganate, 35 mg/L 
ferric chloride, 1.5 mg/L of cationic polymer, and 0.25 mg/L of non-ionic polymer.  The water 
was coagulated and flocculated for 30 minutes and then an additional 30 minutes was 
allowed for settling.  Settled water was decanted from the jar test containers from three 
duplicate test runs until 20 liters of settled water was collected for use in analysis.  Settled 
water pH (6.9), turbidity (1.2 NTU), and temperature (23 degrees Celsius) were recorded.  The 
water was sent to Colorado State University for disinfection testing.   

Three discrete samples were collected from the 20-liter water sample and processed using 
ozone, chlorine dioxide, and chlorine, respectively, for disinfection.  Five samples were tested 
using ozone as the disinfectant, three were tested using chlorine dioxide as the disinfectant, 
and three were tested using chlorine as the disinfectant.   

For each test, the initial dosage was varied, so the residual disinfectant concentration could be 
recorded using discrete time intervals (0.5 minute, 1 minute, etc.).  The initial dose for each 
test run and selected residual disinfectant concentrations are presented in Table 1.  Complete 
data tables, including residual disinfectant concentrations for all time intervals, are included 
in Appendix A.        

 

Table 1.  Summary of Initial Dosage and Residual Concentrations for Disinfection Test Runs 

Disinfectant Test Run 
Initial Dose 

Concentration 
(mg/L) 

Residual 
Concentration (mg/L) 

at 1.0 min 

Residual 
Concentration 

(mg/L) at 10.0 min1 
1 1.50 0.74 0.16 
2 1.50 0.82 0.17 
3 2.00 1.27 0.46 
4 1.00 0.42 0.03 

Ozone 

5 1.00 0.40 0.01 
1 0.50 0.27 0.16 
2 0.75 0.45 0.35 

Chlorine Dioxide 

3 1.00 0.63 0.50 
1 0.60 0.31 0.14 
2 1.00 0.66 0.40 

Chlorine (as 
Hypochlorite) 

3 1.50 1.09 0.75 
1Residual Concentrations at 10.0 minutes for chlorine were calculated using the trendline equation for each Test Run 

(refer to Appendix B). 
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The results indicate the thirty-second ozone demand ranged from 0.49 to 0.66 mg/L.  The 
one-minute chlorine dioxide demand ranged from 0.23 to 0.37 mg/L and the one-minute 
chlorine demand ranged from 0.29 to 0.41 mg/L.  The following figures present represent 
disinfectant decay profiles from the bench scale testing.  The disinfectant residual is plotted 
versus reaction time (t) in minutes where the symbols on the graphs represent actual data 
points.   
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Figure 1.  Buckman Direct Diversion Project 
Disinfection Using Ozone - Residual vs. Time

(Temp = 10°C, pH = 6.9, Ozone Demand = 0.49 - 0.66 mg/L)

Figure 2.  Buckman Direct Diversion Project 
Disinfection Using Chlorine Dioxide - Residual vs. Time

(Temp = 10°C, pH = 6.9, Chlorine Dioxide Demand = 0.23 - 0.37 mg/L)
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In drinking water treatment, any chemical disinfectant added to the water will decay over 
time. Ozone decayed more rapidly than chlorine dioxide and chlorine (as hypochlorite) in this 
analysis.  The demand for ozone as the disinfectant was also greater than the demands for 
chlorine dioxide and chlorine.  The demand/decay data and assumed detention times will be 
used to estimate required doses for disinfection credit requirements.   

These factors, along with capital and operating costs, must be taken into account when 
selecting the appropriate disinfectant for the Buckman Direct Diversion Project.  Increasingly 
stringent regulations and safety and health risks pertaining to the handling of chemical 
disinfectants must also be considered during the selection of the appropriate disinfectant 
and/or disinfection strategy.   
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Figure 3.  Buckman Direct Diversion Project 
Disinfection Using Chlorine (as Hypochlorite) - Residual vs. Time 

(Temp = 10°C, pH = 6.9, Chlorine Demand = 0.29 - 0.41 mg/L) 
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Appendix A 
Ozone, Chlorine Dioxide, and Chlorine Data Tables 
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Appendix B  

Demand and Decay Calculations 
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Technical Memorandum  
 
MRC WTP Water Quality Studies and Evaluations Project 
Corrosion and Blending Study 
March 18 2005 
 
Summary 
Purpose 
The purpose of this memorandum is to summarize the needs for corrosion control and pH 
adjustment necessary for blending and/or distribution of the treated Rio Grande water with 
the Buckman Well Field water for the Buckman Direct Diversion Project.   

Conclusions 
In drinking water treatment, water quality characteristics and chemical dosage requirements 
must periodically be monitored to prevent excessive corrosion and scaling in piping systems.  
For this evaluation, Rio Grande water and Buckman Well Field waters (Wells 1 through 13) 
were analyzed using specific water quality modeling software.  Results of the analyses 
conclude that Rio Grande water, if properly conditioned, will be no more or no less 
problematic than the Buckman Well Field water.  Periodic evaluation and monitoring of 
water quality characteristics and chemical dosages should be performed during operation of 
the MRC Water Treatment Plant to prevent excessive corrosion and/or scaling conditions 
when blended with other water sources. 

Additional testing of the MRC WTP water with Canyon Road WTP water and City well water 
is recommended as it was outside the scope of this study.  A pipe loop study or corrosion 
coupon testing of all water sources prior to operation of the MRC WTP would be beneficial to 
fully evaluate compliance with the Lead and Copper Rule. 

Background 
In 1991, the United States Environmental Protection Agency (USEPA) promulgated the Lead 
and Copper Rule (LCR).  The rule reduced the acceptable amount of lead and copper in 
drinking water as a result of corrosion of metal water service pipes and fittings.  Lead and 
copper exposure through public drinking water supplies may cause illness or cause adverse 
effects to human health.  Certain water quality factors, such as pH and alkalinity, greatly 
affect water’s ability to leach lead and copper from household piping. 

Corrosion is simply defined as the process of corroding, or degradation of materials such as 
metal and concrete.  All water is corrosive to some degree.  However, under certain 
conditions, some water sources are more corrosive than others and can be destructive to 
water supply infrastructure.  Conversely, some water sources create scale, or a rigid build-up 
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of minerals and particles, within distribution pipes.  The formation of scale within piping 
systems can actually provide a protective barrier and prolong the life of the piping system.  
However, alternating between corrosive and scaling water qualities is highly undesirable and 
can result in significant water quality problems.   

There are several factors that influence water corrosivity, as described in Table 1.  The ease or 
difficulty of controlling each factor is also presented in this table. 

Table 1.  Summary of Factors which Affect Corrosion in Water Systems 
Factor Definition / Corrosion Influence Control Method 

Dissolved 
Oxygen (DO) 

Defines the concentration of oxygen gas dissolved in water.  
Corrosivity increases with DO.  

Very difficult to control in open 
systems. 

pH Typical scale: 0-14.  Defines the amount of free acidity in water.  
Log scale of acid concentration of one unit decrease corresponds 
to a 10-fold increase in acid concentration.  Normal range in 
groundwater and surface water: 6.5-8.5.  Usually, higher pH means 
higher alkalinity.  Corrosivity increases with decreasing pH. 

Relatively easy to control in 
water with low to moderate 
alkalinity.  Requires the addition 
of basic or acidic chemicals, 
such as soda ash or sulfuric 
acid. 

Total 
Dissolved 
Solids (TDS) 

Refers to the amount of dissolved minerals in water.  Ninety 
percent or more of TDS in natural waters includes the following 
elements: sodium, calcium, magnesium, potassium, chloride, 
sulfate, and carbonate.  These elements are from salt, gypsum, 
calcite, and other minerals.  In general, corrosivity increases with 
TDS, depending on alkalinity. 

Moderately easy to very difficult 
to change.  Dilution is easy.  
Removal by filtration is 
moderately difficult and 
expensive. 

Alkalinity Reported as milligrams per liter (mg/L) as calcium carbonate 
(CaCO3).  Refers to the concentration of carbonates and 
bicarbonates present in water.  In general, corrosivity decreases 
with increasing alkalinity.  However, excessive CaCO3 scale can 
clog pipes. 

Moderately easy to change.  
Requires the addition of basic or 
acidic chemicals, such as soda 
ash or sulfuric acid. 

Temperature Varies with season and location.  Corrosivity can increase or 
decrease, depending on alkalinity and temperature range.  Higher 
temperatures increase metal oxidation rates, but they also increase 
scale formation by calcite precipitation. 

Cannot be controlled.  
Groundwater temperature is 
more constant (typically 20-30 
°C). 

Type of Pipe In general, metal pipes corrode and plastic pipes do not.  Materials 
most susceptible to corrosion are galvanized iron, galvanized steel, 
concrete, aluminum, and iron.  Materials least susceptible to 
corrosion are plastic, stainless steel, and copper.   Zinc metal 
corrodes much faster than iron, which helps protect iron from 
corrosion in galvanized iron pipes.  

Controllable in new homes.  Use 
of plastic pipes typically 
restricted by building codes.  
Can be expensive to retrofit.  
Use of corrosion inhibitors, such 
as polyphosphate can be used 
for control within the distribution 
system. 

Water 
Velocity 

Corrosivity may increase at high velocity due to turbulence that 
helps DO react faster with the metal surface.  However, at high 
velocity, faster scale formation of CaCO3 (a corrosion inhibitor) may 
also occur. 

May be controllable through pipe 
design changes and use of low 
water use appliances, faucets, 
shower heads, etc. 

Hardness Hardness refers to the concentration of calcium and magnesium 
ions, but is usually reported in mg/L of CaCO3.  Water hardness is 
linked to scale formation and the reduced cleaning efficiency of 
soaps.  Hardness is linked to scale formation; therefore, hard water 
is less corrosive than soft water within pipelines. 

Control through water softening 
and salt removal techniques. 

Source: Arizona Water Resources Research Center, Water in the Tucson Area: Seeking Sustainability (Chapter 6). 
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In many areas of the United States, particularly in the southwest, water supplies are obtained 
from multiple sources, including surface water and ground water.  Once the water sources are 
blended together, the consideration of water quality becomes increasingly important with 
respect to corrosion or scaling minimization in the drinking water system.   

Experiences of blending water sources are presented in the following section.  Pertinent to the 
Buckman Direct Diversion Project, these examples are primarily experiences in the 
southwestern United States. 

Experiences with Blending Waters 
The following paragraphs discuss the strategies used by different agencies to inhibit corrosion 
successfully or not so successfully, in one case. 

Metropolitan Water District of Southern California (MWD) and Member Agencies 
MWD treats and delivers drinking water to about 15 million people in Southern California.  
Their two primary drinking water sources are the California State Project and from the 
Colorado River.  Water from the State Project has moderate levels of alkalinity, TDS, and 
hardness.  The Colorado River is high in TDS with moderate to high levels of alkalinity and 
hardness.  To control corrosion of the treated water, MWD adds a chemical to increase the 
finished water pH.  This practice has allowed MWD and its member agencies to successfully 
meet the LCR regulations. 

San Francisco (California) Public Utilities Commission (SFPUC) 
This utility serves water to as many as 2.5 million people in the San Francisco Bay Area.  Some 
of their wholesale customers blend the water received from SFPUC with local groundwater or 
surface water supplies.  SFPUC also has two distinctly different water sources in terms of 
quality.  The Hetch Hetchy source originates in the Sierra Mountain range and has extremely 
low alkalinity, hardness, and TDS (i.e., less than 20 mg/L).  The Hetch Hetchy source is very 
aggressive and needs to be treated by increasing the pH with lime in the transmission system 
to avoid damage to concrete lined pipelines.  The other source is a set of local impounded 
watersheds.  This source has water with moderate to high levels of alkalinity, pH, TDS, and 
hardness.  The only corrosion control strategy used for the treated water is pH adjustment.  In 
fact, SFPUC has found that keeping the pH consistently above 8.5 avoids formation of red 
water caused by iron corrosion from their unlined cast iron pipelines. 

Tucson (Arizona) Water 
In the early 1990s, Tucson Water introduced a new treated water source from the Colorado 
River into their distribution system.  This caused the formation of red water, presumably 
from iron corrosion of unlined mains and service connections.  A study by CDM in 1995 
found that Tucson Water applied pH adjustment to the treated water intermittently during the 
2 years of operations.  Pipe loop studies reviewing different corrosion control strategies 
concluded that the parameter with the strongest impact on corrosion is pH.  
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The study also determined that consistently adjusting and maintaining pH at a certain level 
could be used to successfully control corrosion in this specific distribution system. 

City of Phoenix, Arizona 
Phoenix blends water from the Colorado River, local groundwater sources, and from the Salt 
River Project.  They control corrosion by adjusting pH. 

Santa Clara Valley Water District (SCVWD - San Jose, California area) and Wholesale 
Customers 
SCVWD owns three water treatment plants and wholesales treated water to several 
municipalities and private companies in the South Bay area of the San Francisco Bay.  This 
treated water is blended with several other sources, including water from SFPUC and local 
groundwater.  For several years, SCVWD used a phosphate-based inhibitor to control 
corrosion.  Because of the time required to passivate pipelines with an inhibitor, SCVWD 
considered using pH adjustment to meet the same goals. 

The above examples indicate the importance of continual monitoring and addition of a pH 
adjustment chemical for the prevention of corrosion.  Implementation of the various options 
studied and discussed in this memorandum involves the blending of either raw or treated 
surface water with groundwater pumped from the Buckman Well Field.  Careful 
consideration of the individual and blended water quality is necessary for proper design of 
treatment facilities to minimize system corrosion and increase chemical stability of the water.  
Therefore, computer modeling was used to facilitate the proper conceptual design of the MRC 
WTP. 

Rothberg, Tamburini, and Winsor Model 
The Rothberg, Tamburini and Winsor (RTW) Model for Water Process and Corrosion 
Chemistry is a spreadsheet-based computer model that was developed to assist in evaluating 
water chemistry associated with precipitation/coagulation and the corrosion and scaling 
potential of water.   

The model requires the user to input initial water quality characteristics such as TDS, pH, 
alkalinity, and temperature, and the concentration of calcium, chloride, and sulfate.  For 
blending scenarios, the user enters characteristics of both waters and the blending ratio.  The 
user can also enter the amount of chemicals added during treatment.  The model uses the 
input data to calculate theoretical water quality characteristics of the treated water before and 
after precipitation.  Table 2 presents a description of several of the theoretical water quality 
characteristics calculated with the RTW model.   
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The descriptions given in Table 2 are interim water quality characteristics reported by the 
RTW model.  If the modeling results indicate that CaCO3 precipitation will not occur, only 
interim water quality characteristics are reported.  In this case, the calcium carbonate 
precipitation potential (CCPP) is reported greater than 0.  If the water is super-saturated 
(CCPP greater than 0), precipitation occurs and final water quality characteristics are 
calculated and reported by the model.  Super-saturated water precipitates the CaCO3 to 
reduce the CCPP to 0, which is theoretical saturation.   In the table presented in the modeling 
results, some of the results show the water is super-saturated with a CCPP greater than 0.  In 
these cases, the reported values are final water quality characteristics.  In most cases, interim 
water quality characteristics are reported because the modeling showed the water to have a 
CCPP less than 0.   

Table 2.  Summary of the Calculated RTW Model Theoretical Water Quality Characteristics 
 

Characteristic 
 

Definition/Corrosion Influence 
Desired 
Range 

Alkalinity Refers to the concentration of carbonates and bicarbonates present in water.  In 
general, corrosivity decreases with increasing alkalinity.  Additional information 
given in Table 1. 

> 40 mg/L 

pH Defines the amount of free acidity in water.  Usually, higher pH means higher 
alkalinity, thus lower buffering capacity.  Corrosivity increases with decreasing 
pH.  Additional information given in Table 1. 

6.8 to 9.3 

Precipitation 
Potential 

Refers to the potential for precipitation of CaCO3.  The desired potential should 
range between slight undersaturation and slight super-saturation.  Higher 
precipitation potential equates to an increase in scaling.  

4 to 10 
mg/L 

Langelier 
Saturation Index 
(LSI) 

LSI is a measure of the scaling potential of a water source.  Scaling is caused 
by the accumulation of calcium, TDS, and bicarbonate.  LSI is the difference 
between the actual pH of the water and the pH at which scaling occurs.  A 
slightly positive LSI indicates that scaling may occur, producing a protective 
layer between the pipe and the water that may limit corrosion.  A LSI just slightly 
positive (e.g., 0.5) provides the benefit of scaling (such as development of a 
protective coating) without the adverse effects of excessive scaling.  
Conversely, with a negative LSI, CaCO3 is dissolved and the water tends to 
become corrosive. A slightly negative LSI (-0.5) may have no adverse impact. 

> 0 
 

Ryznar Index 
(RI) 

RI is similar to the LSI in that it determines the scaling potential of the water.  
The RI is equal to two times the pH at which scaling occurs, minus the actual 
pH.  An RI of 6 or less is most desirable and an RI of 8 or more indicates 
corrosion may be pervasive. In between 6 and 8 slight corrosion may occur but 
it may not cause problems in the system. 

<6 

Aggressiveness 
Index (AI) 

The AI gives an indication of how quickly (or aggressively) corrosion will take 
place.  Low values indicate a low pH, hardness, and buffering capacity. Waters 
with an AI less than 10 will attack exposed metal in pipes and tanks.  AI values 
between 10 and 12 are considered slightly or moderately aggressive while water 
with an AI greater than 12 will not be aggressive to exposed surfaces. 

>12 

Sources: 
The Revised Guidance Manual for Selecting Lead and Copper Control Strategies, EPA. 
The Rothberg, Tamburini & Winsor Model for Water Process and Corrosion Chemistry User’s Guide (V.4.0), American Water 

Works Association. 
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Modeling and/or Blending Scenarios 
The main consideration for the modeling was the corrosion potential, as based mainly upon 
the LSI and RI values as discussed in Table 2.  For this study, the RTW model was utilized to 
analyze five distinct scenarios for the Buckman Direct Diversion Project.  The model and/or 
blending scenarios are briefly described below: 

 Scenario 1: Baseline evaluation of Buckman Wells 1 through 9 to determine if the current 
conditions promote corrosion or scaling.  The characteristics for the well water 
calculated in this scenario served as the modeled characteristic “goals” for the treated 
water from the MRC WTP.   

 Scenario 2: The raw water collected from the proposed location of the Buckman Intake 
Structure on the Rio Grande was modeled.  Assuming the raw water continuously flows 
through ductile iron (DI) pipe, the potential for corrosion or scaling was analyzed as a 
single source. 

 Scenario 3: The treated water from the Municipal Recreation Complex (MRC) Water 
Treatment Plant (WTP) was blended with water from Buckman Wells 10 through 13.   

 Scenario 4: The treated water from the MRC WTP was blended with the water from 
Buckman Wells 1 through 9.   

 Scenario 5: The treated water from the MRC WTP was blended with the water from the 
Buckman Wells 1 through 13.   

Modeling Results 
Modeling runs were completed for the five scenarios listed above.  Upon collection of the 
initial water quality characteristics, RTW was utilized to predict the water quality 
characteristics.  Additionally, RTW sensitivity analyses were performed to limit the number 
of possible scenarios and/or runs.  The sections below present the results of the RTW 
modeling and/or blending for each scenario. 

Scenario 1: Buckman Wells 1 through 9 
The Buckman Well Field has been in operation for nearly 30 years.  Although one well was 
replaced (Well 3) and some wells are newer, the system has operated consistently without any 
scaling or corrosion problems.  Individual RTW runs were performed based upon input data 
from Buckman Wells 1 through 9 to determine their water quality characteristics.  Input data 
for the model was collected from historical water quality data obtained from City records or 
from laboratory analytical data collected on October 28, 2004 as part of this study.  This 
information (presented in Table 3 below) was used to evaluate if the desired ranges of water 
quality characteristics, as reported by the RTW model and presented in Table 2, are achieved 
in the Buckman system.   
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The water quality characteristics of the Buckman wells shown in Table 3 indicate that most 
wells produce slightly corrosive water (LSI slightly negative).  However, Wells 3, 5 and 9 have 
a precipitation potential with Well 5 having the highest potential.  The alkalinity and the pH 
vary greatly by well but are within the RTW model’s desired range.  The Ryznar index is 
higher than the desire range for many of the wells and the aggressiveness index is higher than 
the desired range for all but one well.  However, a review of the parameter descriptions in 
Table 2 indicates the values fall within the slight to moderately corrosive or aggressive range.  
No corrosion or scaling problems are apparent in the Buckman Well system based upon the 
long operating history.  Based upon the values shown in Table 3, the slightly corrosive and 
aggressive characteristics of the water have proven to be acceptable within the City of Santa 
Fe’s distribution system.   

One cause of water customer complaints related to the corrosiveness of the water is caused by 
alternating water quality in the distribution system.  The discussion of Tucson Water’s 
experience above mentions that the pH of the surface water was not consistently maintained.  
The treated surface water was fed into the distribution system with different characteristics 
and when a lower pH water was introduced, it would remove the protective scaling from the 
walls of the pipe and expose iron bacteria that would cause significant discoloration of the 
water.  The bacteria and scale would then redeposit on the walls at a higher pH only to be 
removed again at a lower pH.  The result was ongoing problems with color in the water 
causing staining of customer’s fixtures, clothing, and severe aesthetic issues.  Tucson’s 
experience is an example of why matching the water quality characteristics of two different 
water sources can greatly minimize the potential for corrosion, scaling, discoloration and 
other aesthetic issues in the distribution system.   

Table 3.  Summary of RTW Model Output for Scenario 1, Individual Buckman Wells (Wells 1 through 9) 
Water Quality Characteristics (No Additional Treatment) RTW 

Calculated 
Interim Water 

Quality 
Characteristic 

 
 

Desired 
Range 

 
 
 

Well 1 

 
 
 

Well 2

 
 
 

Well 31 

 
 
 

Well 4

 
 
 

Well 51 

 
 
 

Well 6 

 
 
 

Well 7 

 
 
 

Well 8

 
 
 

Well 91 

Alkalinity > 40 
mg/L 

179 
mg/L 

268 
mg/L 

329 
mg/L 

431 
mg/L 

657 
mg/L 

225 
mg/L 

269 
mg/L 

205 
mg/L 

282 
mg/L 

pH 6.8 to 9.3 8.29 7.46 7.54 7.24 6.93 7.46 7.68 7.82 8.09 

Precipitation 
Potential2 

4 to 10 
mg/L 

-2.77 
mg/L 

-11.45 
mg/L 

1.39 
mg/L 

-0.38 
mg/L 

44.70 
mg/L 

-11.12 
mg/L 

-2.37 
mg/L 

-6.92 
mg/L 

1.75 
mg/L 

Langelier 
Saturation Index2 

> 0 -0.26 -0.32 0.03 0.00 0.29 -0.34 -0.08 -0.46 0.11 

Ryznar Index2 <6 8.82 8.10 7.49 7.25 6.47 8.14 7.84 8.74 7.92 

Aggressiveness 
Index2 

>12 11.44 11.45 11.78 11.76 12.07 11.38 11.65 11.25 11.85 

1Water is super-saturated (precipitation potential greater than 0), final water quality characteristics presented. 
2Interim water quality characteristic (precipitation potential less than 0) presented unless noted otherwise. 
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Although the Buckman well water is not optimally conditioned per the RTW model results, 
the operating history indicates that it works for Santa Fe.  The treated Rio Grande water will 
be introduced into the City’s distribution system in two locations.  One location is at Buckman 
Booster Station 3 where it will be blended with the Buckman Well Field water and pumped to 
the 10-million-gallon tank, chlorinated, fluoridated and distributed.  Otherwise, the water will 
be pumped south and distributed in the west and south portions of the City’s system.  This 
water could theoretically be blended with Buckman well water, City well water, or surface 
water from the Canyon Road WTP.  The scope of this study is to evaluate blending of the 
treated Rio Grande water with Buckman well water.  The water characteristics shown in Table 
3 were utilized as a treatment goal during modeling of the Rio Grande water.  An effort to 
match the finished water quality of the Rio Grande water during operation of the MRC WTP 
will minimize changing conditions in the distribution system producing relatively stable 
water with less potential for customer complaints and regulatory compliance problems. 

Scenario 2: Raw Rio Grande Water 
For Scenario 2, RTW runs were completed using input data from samples collected from the 
Rio Grande.  The samples were taken from the proposed location of the Buckman Direct 
Diversion Structure and analyzed for a variety of water quality parameters by the pertinent 
EPA Test Methods.  Samples were collected during three periods of the year: spring run-off 
(May 21, 2003), summer monsoon (August 8, 2003), and fall low flow (October 28, 2003).  The 
results of the three rounds of sampling were compared against historical water quality for the 
Rio Grande obtained from the USGS Otowi Gaging Station located just upstream of the 
diversion location.  The analytical results from the discrete samples were all within the 
normal range of data at Otowi.  For sensitivity analysis purposes, RTW modeling runs were 
conducted for all three discrete testing periods.  The sensitivity analyses showed that the 
spring and fall data resulted in the most varied water characteristics and therefore 
represented the best case and worst case scenarios.  An average run was also conducted.  The 
results of the three runs (Spring, Fall, and Average) are presented in Table 4.   

Table 4.  Summary of RTW Model Output for Scenario 2, Raw Rio Grande Water 
Raw Rio Grande Water Quality Characteristics RTW Calculated 

Interim Water Quality 
Characteristic 

 
Desired 
Range1 

 
Spring 

 
Fall2 

 
Average2 

Alkalinity 179-657 mg/L 100 mg/L 108 mg/L 110 mg/L 
pH 6.8 to 8.3 7.20 8.03 7.72 

Precipitation Potential3 -11.45 to 
44.70 mg/L -10.14 mg/L 22.10 mg/L 5.40 mg/L 

Langelier Saturation Index3 -0.46 to 0.29 -0.45 1.28 0.42 
Ryznar Index3 6.5 to 8.8 8.11 6.33 7.21 
Aggressiveness Index3 11.3 to 12.1 10.72 12.64 11.68 
1Desired range shown is based upon the Buckman Wells range reported in Table 3. 
2Water is super-saturated (precipitation potential greater than 0); final water quality characteristics presented. 
3Interim water quality characteristic (precipitation potential less than 0) presented unless noted otherwise 
 



 
MRC WTP Water Quality Studies and Evaluations Project 
Corrosion and Blending Study 
March 18, 2005 
Page 9 

W:\1257 Santa Fe\32934 water qual test\appendices\corrosion & blending study.doc 3/18/05 brs 

The water quality characteristics presented in Table 4 show that the raw water quality varies 
significantly from the spring run-off to the fall low flow.  In the spring, the water is slightly 
corrosive and moderately aggressive based upon the slightly negative LSI and higher Ryznar 
Index.  Alternately, in the fall, the water has a high scaling potential.  Therefore, adjustment of 
the MRC WTP water’s pH and alkalinity is required. 

Scenario 3: Blending - Treated Rio Grande Water with Buckman Wells 10 through 13 
Treated Rio Grande water will be blended with Buckman well water in the distribution 
system.  The four newer Buckman wells (10 through 13) are located closer to the distribution 
system and will be less expensive to operate due to lower pumping costs.  Therefore, it is 
likely these wells may be operated solely at certain times of the year.   Scenario 3 blends 
treated Rio Grande water with Buckman wells 10 through 13.  For Scenario 3, additional RTW 
runs were completed using the modeled raw Rio Grande water quality characteristics from 
Scenario 2 as input.  The chemical doses were applied until finished water quality 
characteristics similar to the Buckman well water quality were achieved.  A sensitivity 
analysis was conducted to determine if there was a significant difference in the achievable 
finished water quality during different seasons.  Based upon the RTW sensitivity analyses, 
only the “average” water quality characteristics (the average between the Spring and Fall 
characteristics) were used for scenarios 3 through 5.  Therefore, desired chemical treatment 
dosages were determined based upon the average water quality characteristics of the Rio 
Grande.  

Five water treatment chemicals will be added to the raw Rio Grande water at the MRC WTP.  
The selected chemicals utilized for RTW modeling are as follows: 

 Sulfuric acid – used to lower pH for optimal coagulation 

 Aluminum sulfate (alum) – used as a coagulant to bind suspended solids  

 Sodium hypochlorite – used for primary and secondary disinfection 

 Hydrofluosilicic acid – used for fluoridation 

 Soda ash – used to raise pH of finished water 

The selected dose range for each chemical was based upon the results of jar testing, the 
expected enhanced coagulation pH, the desired final water pH, and experience.  Additional 
RTW sensitivity analyses were performed to determine the effects of larger or smaller 
chemical dosages.  Based upon the results of these sensitivity analyses, the “average” 
chemical dosages (the average between the high and low dosages) were used for Scenarios 3 
through 5.  The average drinking water treatment chemical dosages are as follows: 
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 Sulfuric acid – 10 mg/L (dosage required to lower pH to 6.8) 

 Aluminum sulfate (alum) - 25 mg/L 

 Sodium hypochlorite – 1.5 mg/L 

 Hydrofluosilicic acid – 1.0 mg/L 

 Soda ash – 40 mg/L (added to finished water; dosage required to raise pH until water is 
saturated, but not super- or under-saturated).  Alternately, sodium hydroxide (caustic 
soda) was modeled for pH adjustment to achieve the same results as soda ash. 

Using the chemical dosages listed above, approximately 50 percent of the treated Rio Grande 
water was blended with water from the Buckman Wells 10 through 13.  The blending ratio 
was based upon the difference between the capacity of the Buckman Well Field system (8.9 
mgd) and of Wells 10 through 13.  Water samples were taken from each of the four wells after 
development of the well.  The samples were laboratory analyzed for a variety of water quality 
parameters by the pertinent EPA Test Methods.  Weighted averages were calculated, based 
upon the individual well flow rates, for the RTW input values of the well water quality 
characteristics.   

Chemical application, consisting of sodium fluoride and MIOX will ultimately be 
administered to the Buckman Well water at the 10-million-gallon tank.  Sodium fluoride and 
MIOX are not chemicals included in the RTW model.  Therefore, hydrofluosilicic acid and 
sodium hypochlorite were utilized at a dose of 0.5 mg/L and 1.5 mg/L, respectively.  For 
Scenario 3, RTW runs were performed to determine the effects of applying these chemicals 
before and after blending with the Rio Grande water.  Chemical application after blending 
represents blending MRC WTP water with Buckman Well water at Booster 3 and pumping to 
the 10-million-gallon tank.  Chemical application before blending represents blending MRC 
WTP water with Buckman Well water in other portions of the system south of the MRC WTP. 

After initial separate modeling runs of the Rio Grande water treatment and the Buckman 
Wells 10 through 13, blended modeling runs were conducted.  The three discrete blending 
runs were performed using the treated Rio Grande water and the well analytical data for the 
RTW input values.  Results of the runs are presented in Table 5 below.  
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As shown in Table 5, all modeling results indicate that the blended water characteristics are 
nearly identical to the Buckman well characteristics shown in Table 3.  The water is slightly 
corrosive and has a slightly lower pH and precipitation potential.  These characteristics can be 
adjusted by adding more soda ash to the finished water at the MRC WTP.   

Scenario 4: Blending - Treated Rio Grande Water with Buckman Wells 1 through 9 
Treated Rio Grande water will be blended with Buckman well water in the distribution 
system.  There are nine Buckman wells located within the Buckman well field near the Rio 
Grande.  Permitting requirements and source management may dictate the sole use of the 
Wells 1 through 9 at certain times of the year.  Scenario 3 blends treated Rio Grande water 
with Buckman Wells 1 through 9. For Scenario 4, RTW runs were completed using the 
average treated Rio Grande water quality characteristics and chemical dosages from Scenario 
3 as input.  Using the chemical dosages listed in Scenario 3, 25 and 75 percent of the treated 
Rio Grande water was blended with water from the Buckman Wells 1 through 9.  The two 
blending percentages were selected solely to test a wide blending ratio range.  The 
representative water quality characteristics for Buckman Wells 1 through 9 were obtained 
from historical water quality data obtained from the City for each well, in addition to samples 
collected on October 28, 2003 as part of this project.  Ranges and averages were calculated 
from the available data and used for the RTW input values of the well water quality 
characteristics. Sensitivity analyses were conducted separately and it was determined that the 
average values were sufficient for use as input values.   

Chemical application, consisting of sodium fluoride and MIOX will ultimately be 
administered to the Well water at the 10-million-gallon tank.  Sodium fluoride and MIOX are 
not chemicals included in the RTW model.  Therefore, hydrofluosilicic acid and sodium 
hypochlorite were utilized at a dose of 0.5 mg/L and 1.5 mg/L, respectively.  For Scenario 4, 
RTW runs were performed to determine the effects of applying these chemicals before and 
after blending with the Rio Grande water.  Chemical application after blending represents 
blending MRC WTP water with Buckman water at Booster 3 and pumping to the 10-million-

Table 5.  Summary of RTW Model Output for Scenario 3, Blending Treated Rio Grande Water with 
Buckman Wells 10 through 13 

Blended Water Quality Characteristics  
 

RTW Calculated 
Interim Water Quality 

Characteristic 

 
 
 

Desired 
Range1 

 
 

No Additional 
Treatment 

 
Treatment 

Applied After 
Blending 

Treatment 
Applied to Well 
Water Prior to 

Blending 
Alkalinity 179-657 mg/L 154 mg/L 153 mg/L 154 mg/L 
pH 6.8 to 8.3 7.76 7.75 7.76 

Precipitation Potential -11.45 to 
44.70 mg/L -5.53 mg/L -5.58 mg/L -5.50 mg/L 

Langelier Saturation Index -0.46 to 0.29 -0.32 -0.33 -0.31 
Ryznar Index 6.5 to 8.8 8.39 8.40 8.39 
Aggressiveness Index 11.3 to 12.1 11.43 11.42 11.44 
1Desired range shown is based upon the Buckman Wells range reported in Table 3. 
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gallon tank.  Chemical application before blending represents blending MRC WTP water with 
Buckman water in other portions of the system south of the MRC WTP. 

The three discrete blending runs were performed using the treated Rio Grande water and the 
well data for the RTW input values.  Results of the runs are presented in Table 6 below.         

The blending ratios do not appear to greatly impact the characteristics of the blended water.  
The three indices (LSI, RI and AI) change slightly but are within the range of characteristics 
shown for wells 1 through 9 in Table 3.  This is a significant finding because the flow rate 
from the Buckman well field can vary greatly depending upon the number of wells in 
operation.  Monitoring of the system operation will allow operators to adjust chemical doses 
at the plant to achieve a finished water pH to match the well water pH as conditions change. 

Scenario 5: Blending - Treated Rio Grande Water with All Buckman Wells 
Treated Rio Grande water will be blended with Buckman well water in the distribution 
system.  There are a total of 13 Buckman wells.  It is likely that some of the wells located near 
the river (Wells 1 through 9) will be operated in combination with the wells located closer to 
the 10-million-gallon tank (Wells 10 through 13).  Therefore, modeling of a mix of the wells 
was conducted.  For Scenario 5, RTW runs were completed using the average treated Rio 
Grande water quality characteristics and chemical dosages from Scenario 3 as input and well 
water quality characteristics from Scenarios 3 and 4 as input.   

Table 6.  Summary of RTW Model Output for Scenario 4, Blending Treated Rio Grande Water 
with Buckman Wells 1 through 9 

Blended Water Quality Characteristics1  
 

RTW Calculated 
Interim Water Quality 

Characteristic 

 
 
 

Desired 
Range2 

 
 

No Additional 
Treatment 

 
Treatment 

Applied After 
Blending 

Treatment 
Applied to Well 
Water Prior to 

Blending 
Alkalinity 179-657 

mg/L 
 (25%) 273 mg/L, 
(75%) 177 mg/L 

 (25%) 273 mg/L, 
(75%) 177 mg/L 

 (25%) 273 mg/L, 
(75%) 177 mg/L 

pH 6.8 to 8.3  (25%) 7.63,    
(75%) 7.61 

 (25%) 7.63,   
 (75%) 7.60 

 (25%) 7.63,    
(75%) 7.61 

Precipitation Potential -11.45 to 
44.70 mg/L 

 (25%) –2.46 mg/L,    
(75%) –7.59 mg/L 

 (25%) –2.50 mg/L,    
(75%) –7.64 mg/L 

 (25%) –2.54 mg/L,     
(75%) –7.60 mg/L 

Langelier Saturation 
Index 

-0.46 to 0.29 (25%) -0.06,    
(75%) -0.30  

(25%) -0.06,   
(75%) -0.31  

(25%) -0.06,    
(75%) -0.30  

Ryznar Index 6.5 to 8.8 (25%) 7.75,    
(75%) 8.22 

(25%) 7.75,    
(75%) 8.23 

(25%) 7.75,    
(75%) 8.22 

Aggressiveness Index 11.3 to 12.1  (25%) 11.72,  
(75%) 11.46  

 (25%) 11.72,  
(75%) 11.45  

 (25%) 11.72,  
(75%) 11.46  

1Two values presented for Blended Water Quality Characteristics.  
 2Desired range shown is based upon the Buckman Wells range reported in Table 3. 
(25%) = 25% of blended water is treated Rio Grande water.  
(75%) = 75% of blended water is treated Rio Grande water.
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Using the chemical dosages listed in Scenario 3, approximately 85 percent of the treated Rio 
Grande water was blended with water from all of the Buckman Wells (Wells 1 through 13).  
Since all of the Wells will not be online at the same time, hypothetical circumstances were 
modeled as follows: 

 Treated Rio Grande water with Wells 12 and 13 and Wells 1, 6, 7, and 8.  These “low 
concentration” wells were selected based upon their low alkalinity and TDS 
concentrations.   

 Treated Rio Grande water with Wells 10 and 11 and Wells 2, 3, 4, and 5.  These “high 
concentration” wells were selected based upon their high alkalinity and TDS 
concentrations.  

Averages were calculated for the RTW input values for both the “low concentration” and 
“high concentration” blending circumstances for the Well water quality characteristics. 

Chemical application, consisting of sodium fluoride and MIOX will ultimately be 
administered to the Well water at the 10-million-gallon tank.  Sodium fluoride and MIOX are 
not chemicals included in the RTW model.  Therefore, hydrofluosilicic acid and sodium 
hypochlorite were utilized at a dose of 0.5 mg/L and 1.5 mg/L, respectively.  For Scenario 5, 
RTW runs were performed to determine the effects of applying these chemicals before and 
after blending with the Rio Grande water.  Chemical application after blending represents 
blending MRC WTP water with Buckman water at Booster 3 and pumping to the 10-million-
gallon tank.  Chemical application before blending represents blending MRC WTP water with 
Buckman water in other portions of the system south of the MRC WTP. 

The three discrete blending runs were performed using the average treated Rio Grande water 
and the “low concentration” well data for the RTW input values.  Results of the runs are 
presented in Table 7 below.  

Table 7.  Summary of RTW Model Output for Scenario 5, Blending Treated Rio Grande Water 
with Buckman “Low Concentration” Wells 

Blended Water Quality Characteristics1  
 

RTW Calculated Interim 
Water Quality 
Characteristic 

 
 
 
 

Desired Range2 

 
 

No Additional 
Treatment 

 
Treatment 

Applied After 
Blending 

Treatment 
Applied to Well 
Water Prior to 

Blending 
Alkalinity 179-657 mg/L 135 mg/L 135 mg/L 135 mg/L 
pH 6.8 to 8.3 7.63 7.63 7.63 
Precipitation Potential -11.45 to 44.70 mg/L -8.01 mg/L -8.01 mg/L -8.01 mg/L 
Langelier Saturation Index -0.46 to 0.29 -0.45 -0.45 -0.45 
Ryznar Index 6.5 to 8.8 8.52 8.52 8.52 
Aggressiveness Index 11.3 to 12.1 11.31 11.31 11.31 
1Wells 1, 6, 7, 8, 12 and 13. 
2Desired range shown is based upon the Buckman Wells range reported in Table 3. 
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The three discrete blending runs were performed using the average treated Rio Grande water 
and the “high concentration” well data for the RTW input values.  Results of the runs are 
presented in Table 8 below.  

Tables 7 and 8 indicate similar blended water quality characteristics can be produced in all 
scenarios with only slight variations in the indices.  The blended water characteristics are 
similar to the well characteristics (“goal” characteristics) shown in Table 3. 

Discussion of Results 
Based upon the extensive RTW modeling, variances in the theoretical water quality 
characteristics were minimal once the MRC WTP water was treated to match the Buckman 
well water characteristics and blended at varying ratios.   

Evaluating the various treatments and blending scenarios for the Santa Fe source waters, it 
appears that the treated and/or blended waters will have nearly the same characteristics as 
the well waters if the pH of the finished treated water is adjusted with soda ash or sodium 
hydroxide (caustic soda).  Therefore, corrosion and scaling in the piping and distribution 
systems will be no more or no less problematic when blended with the Buckman well water.  
One pipeline that will see varying water conditions and possibly alternating corrosive and 
scale actions is the raw water pipeline between the Rio Grande and the MRC WTP.  However, 
this will not be a problem with a properly designed pipeline and will only result in changing 
doses of water treatment chemicals at the MRC WTP.  Consideration of the pipeline and 
pipeline lining materials within the proposed raw water pipeline and in the existing 
distribution system is important since corrosive water can attack the pipeline materials.  Soft 
water with low mineral content, as in the raw Rio Grande water during some portions of the 
year, can leach the lime from the concrete resulting in the pH of the water being elevated and 
the pipeline compromised.  Formation of a scale (as will occur during other periods of the 

Table 8.  Summary of RTW Model Output for Scenario 5, Blending Treated Rio Grande Water 
with Buckman “High Concentration” Wells 

Blended Water Quality Characteristics1  
 

RTW Calculated 
Interim Water Quality 

Characteristic 

 
 
 

Desired 
Range2 

 
 

No Additional 
Treatment 

 
Treatment 

Applied After 
Blending 

Treatment 
Applied to Well 
Water Prior to 

Blending 
Alkalinity 179-657 mg/L 151 mg/L 151 mg/L 151 mg/L 
pH 6.8 to 8.3 7.58 7.58 7.58 
Precipitation Potential -11.45 to 

44.70 mg/L 
-8.73 mg/L -8.79 mg/L -8.73 mg/L 

Langelier Saturation Index -0.46 to 0.29 -0.41 -0.41 -0.41 
Ryznar Index 6.5 to 8.8 8.41 8.41 8.41 
Aggressiveness Index 11.3 to 12.1 11.35 11.35 11.35 
1Wells 2, 3, 4, 5, 10 and 11 
2Desired range shown is based upon the Buckman Wells range reported in Table 3. 
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year in the raw water line) or blending with harder water (such as Buckman water) will 
minimize these adverse affects. 

The City’s distribution system is constructed with a variety of materials including PVC, cast 
iron, ductile iron, galvanized iron, concrete cylinder, asbestos cement, steel, and copper.  The 
Santa Fe Water Division GIS information obtained in April 2002 was utilized to determine the 
amount of each type of pipe present in the system.  From the GIS data, nearly 42 percent of 
the system is constructed with cast iron, nearly 12 percent with ductile iron, just under 2 
percent is galvanized iron and very small percentages (one half a percent each) is steel and 
copper.  These numbers do not include the materials present on the customer side of the 
water service where copper is common.  Since corrosion can adversely affect metal pipe, 
Santa Fe will have to monitor water quality characteristics and chemical dosage requirements 
periodically to minimize the potential for regulatory compliance problems.  However, all of 
the modeling indicates that pH adjustment with soda ash or sodium hydroxide is sufficient to 
match the Buckman well water quality. 

The water treatment chemicals and doses were confirmed by the modeling to be appropriate 
for adequate conditioning of the finished water to match the Buckman well water quality.  
Figure 1 depicts the confirmed chemical additions, as modeled, at the MRC WTP.  These 
chemical additions are discussed further in related technical memoranda.  Figure 2 depicts the 
blending of the treated water directly with the Buckman well water at Booster Station 3 and 
the 10-million-gallon tank. 

Rio Grande Diversion 
Pre-Sedimentation 

Figure 1.  MRC WTP Treatment Train as Modeled 
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Filtration 
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Storage 
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Because of the limited nature of this study, a detailed evaluation of the proper corrosion 
control methodology is recommended prior to operation of the water treatment and 
conveyance facilities.  The detailed evaluation may consist of a pipe loop study or corrosion 
coupon testing of all water sources, including treated Rio Grande water, Buckman well water, 
City well water, and treated Canyon Road WTP water are blended.  During operation of the 
expanded water system, operators will have to monitor the raw water quality to predict 
chemical feed concentration changes.  It is also recommended that water quality 
characteristics, as well as chemical feed dosages, for the other water sources be 
evaluated/monitored periodically.   

 

10 Million 
Gallon  
Tank 

MRC WTP 
Treated 
Water 

Buckman 
Wells 

Chlorine 
Fluoride 

Distribution 

Figure 2.  Blending of Treated Rio Grande Water with 
Buckman Well Water at Booster Station 3 and 

10-Million-Gallon Tank as Modeled 
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APPENDIX J 
LABORATORY RESULTS 

 
 



































































































































































































DISCLAIMER 
 
Electronic Deliverables 
 
The electronic data file(s) (“Data Files”) contained herein is/are provided by Camp 
Dresser & McKee Inc. (“CDM”) expressly subject to the following terms and conditions: 
 
1. The information contained on the electronic media is considered a characterization 

of CDM’s original work and accurately reflects such work at the time this 
electronic media was delivered by CDM to the person or entity acquiring Data 
Files directly from CDM (“Receiver”).  Receiver agrees that Data Files shall not be 
used on other projects nor transferred to any other party except by written 
agreement with CDM.  Use of such Data Files is at the user’s sole risk and without 
liability or legal exposure to CDM. 

 
2. CDM shall not be liable for claims, liabilities or losses arising out of or connected 

with (1) modification or misuse by Receiver or anyone authorized by Receiver of 
Data Files; or (2) decline in accuracy or readability of Data Files; or (3) any use by 
Receiver, or anyone authorized by Receiver, of Data Files for additions to this 
project, excepting only such as is authorized in writing by CDM.  Receiver agrees 
to defend and indemnify CDM from and against any and all claims, demands, 
causes of action, damages and liability resulting from modification, use or misuses 
of Data Files. 

 
3. CDM transfers these Data Files as is.  CDM makes no expressed or implied 

warranty, including, but not limited to, merchantability, fitness or suitability of 
Data Files for any particular purpose whatsoever.  CDM makes no expressed or 
implied warranty as to the accuracy of data in the files for any purpose 
whatsoever. 

 
4. It shall be Receiver’s responsibility to determine the compatibility of Data Files 

with the Receiver’s computer software and hardware.  Use of Data Files constitutes 
the agreement of the Receiver (or any other user) to these terms and conditions. 

 
5. CDM’s total liability to Receiver or anyone authorized by Receiver or Data Files for 

any and all injuries, claims, losses, expenses or damages whatsoever from any 
cause or causes, including, but not limited to, CDM’s negligence, strict liability or 
breach of contract or breach of warranty, shall not exceed the total amount of 
$1,000. 


